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It Ii tivpouibttt to o^airv thoiMo^ B^icntlfie knowledgo bj tht> «tad;r of 
booilci kldiifl, wltbntiL poMOiuil obi«rvaljoa and mntrcb. Dut n tboroogb 

p«r«alU (hot ibo chcmbl. the phytlcUD. uid ibo p^KticcI inccliLaiik. tjot Ivsa 

Iht iatiiasic inMr^it «f tbo »u1ijcct aUo attroeU many v?ho Ilatc do puBiiiTtf 
»r<«!MiElj Tor tbo ttaily. The kmali^nt confiot* himself u^ubEly tc ^fmir *]iacuU 
bnuflh <>f ili« icivnco, \iai fhv tco^.ht.'r niiial baro n much more ^ncrul auqtiuul- 
»Ac« vilb lli« Kit of eifcnmcQtLng : for the iatdkclud ftnd mnUrial iinport' 
toe* of pbjulcfll REicnco If daily becoming ntora ^tidaat, thMi|[b llx practical 
■lltUy li IbM wbicb inll Artt gnin ^1 ■ pUc« io Iha irbooL In otilvr Ihiit 
InMniGUoB la OAlufnl «dfara may nnnomplliih rJial vhlnh U i^xpccitU of It, 
(vhaUTtr ia«y b« Ibv m«Lbod cmpiuyed.) it muit bu «ij|i|M>rlrtl iiy «x]wrlTDUiit 
Tbe Lime «hvD dmlk ■uii blaoL-buanl ircrc all Ibnt wore requirvdp M. fofuuatdy 
for our acb(x>li, IcDg put. 

To SiMUt iulTMcUoD by expcrimOEiC, requircti Bameduo^ rooro tbna tbo expend' 
itaro or money m tbo piircliwc cf apparutii*: tbo tcoohcr rniut know haw to 
nuiko expofim^ntr^ Many tcjubcn, bowcvor, }txvt> h&d do opporlucIljfaft^'F tho 
completion of ihHr tludim, ta kcquii^ ihft lU-l of muiipalulioD, »ad mii»C l«&rJi 
Jt iJl«i 1b« «ppriraCn4 bu* hwn pbccd lo tbcir lnudv (u tcachcn; and bow 
«f1«a ta Ibo dtfiKlon of Aliidtc<ji uindn to dppnnd upon wblrh i^ftrbnr vna oriMipy 
tro to four oilr«bount» vvck ] Evpu If the flnl Mleatjoii orupfiiramibc M 
Io tb« hmcbFT, the uirans, UAUully apariu^- i^ui^u^b. uilT ^tXea, in ppilc ufLU Lent 
fttdc*TDr», bo iQJddiciijaily ^ipcDdod^ tbougb bardly fufBcicnt to ptocuiv Ihn 
a]0c4 Indiitpcojoblc ftrlldcn; whiL^ oo proriaion ot «t1 u mftdii for tbo fntoro 

nil) 
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rnBPACfi TO THR ^ECON't) KDITIOS'. 



^OTdopnwnt ot the iniimelor himtiOf. "Hir* r.^fti?]n*r cnn onlj? n?(*r<:onifl w\ 
4U0<bllf hy wndt-rUiking Iilmiiolf fc connnict uneh ttppikrntiii i» dun not 
nqtiin^ ■ pnrtinilu- sTmi^niAiit ct lh« wurksliup, ic|ieciu] c]i*itli>r[ty. uod nccu- 
ra1» i^i^cuU^}!^; or. Hi kut, lo hovi; Ibcn Eiind? uQ^irr tU din^ljoii hj audi 

Muur oihcniiLrcplaccJroorTorlcivtathciomodrcainatancn HEth? it^ucbor, 
BAc] the MDaicur in ph^c« will uUo filQUiiM In ^oulntclin^ ajipanitciA for 

11 U tbe obJ«ct of tbj« book oti 1b4< one lintiil. 1r rurnuh (in inlf^daf^tion to 
pbinlcd ^rfiprimnnutii^n, lo ilnHrritir^ nil ilir jiartlmUrv rujutiijln Xft anp-tctM, tti 
cnU HitfLTLliDn lo iIioh* poinlw whl;;}L rnui Iro oontiilnred iii tb« purrliiBflu iiud uao 
(ir ]ip[<[tmuh; uuil i*n llio otbcr luuiil, to glvo (nilnictiotu for tbc <(iL>trui;tion 
<irupi'unitrt» iu lU utii;«;}nt tnd Dio«t cITuutlfv hajf. 

3taoh of vrbat u Iicre tmtod of a Bcottored 1hr>a7h ths t^ii-boQltJ oa 
pbydc* i but Ibcrc [> moch more wbioh vould be out at place ju a irxt-bouk. 
ud 1» pri«*rv«d oulj by tmditloa uaong ph7«idfU, Jt fol^owt, irom «bui hM 
bdm >ti<L tbnl tba book cPbDot lr«nt of «i|wrimfnu lnl^)iili>iJ lo ndvtuco Iho 
flciCQco. but oftuirb u )iT« luitod to Ib^? dumoriMtrafioTi oT known lawj.niLd muit 
fVfTi i>irliiih> lho«o irhlpb illnMmTo Inni^ loo rvcontlfU! ri>r ^iirral fnk!mrlLim. 
Tbp tkwriTtJcHi tmfiorlanrr' of (h« p1icuoin«ui of flnorma^Q^e, aad the trniii^u 
produced on Evini by^ decimal iudnntjonp baie laJucvd niD to mcnUdn lluioi, 
riUtuuiEb llii^y tiftrv ijvt jol fuuiiU ihcjr way biU> ltit'btJt>kL 

It v» no ptktx of vjr dosicn to makv a coicpltCo coIIccUod of cxperimcnU or 
ftpparatai; *ndtbD«c cxficrimciiU irhicb rtquirv po particular appnrBln* or cdro 
hn\^ l>ora pa«sod oTor foT tba mod part id cdottco. Of n&vDral ciporimvabt for 
tbft iliaitntSon of lEe Mm« ]&««, Iho proforonco In glvvn lo IboM wbi«b uxi 
niOKt pniilr irfrformM. moit rtnVinj.'. nn/l [■bmjK'Ht. 

In Ti-|^'iLri1 to Lbn making a( nppnmiMJ;, I have dni^rlbrft ou^; anrli 88 oui> Ullb 
iomu niPcbAQi<'ul tkQI, or tliv aid of a ^od moolmiiic, moy uLiikc for bimtolt 
H(]rh lUiiiK" uh ur-pump*. t«k'ico|>n, lairnvcapcn* cl«-, nnufit iilivn|H 1i« lioHBht 
fh^ni ^0 d«it«rH, Jf Udc docp iiCft <ljvct lo ibo truubto t>f uvL'r^peiu^, nmrj' li 
ti^Dff Oftn bo made by « haadjr nifcbbuJc ivhi<;h b in do Wbj coutcmpLbk^ for 
t}i£t rcuMt. mimy pioort of a^^jmralun bavt? bi^tn flr^wn lEi Ai^t-E^(iiu 11ip moUGf 
ppwd in thU vBj mft;f b*^ ^x|if<Qdi]4 m lUo p^tri.'hoM uf tthcr arlJdcs vilouiii 
camint t« nado ftt h^mo. nuii ihai idot* tccoiupljihtd mlOt Uttio mcanfu 

In thii wlilioQ I bnv*, toorr fnjqueni ibnu iii the former, la ^onnccllon * ith 
the fjnptcflt ajjji«rmtu#, nlso df$cr1b<^d morv complex oaM;. vhicll iQiWcr tfao 
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^^^^^ PftRPACB TO tnS 6£C0Xli Kl>rT10K. V 

f mfrm h^x^. IW chokt nwrt dqienil upon Ih? time »n4 tbo meoufl, m well 

u flpoD lilt iDo|io of 1)lc IniininiloQ, 

It b inio tbat, ID lir^rtiiTiTtii;. iln' itiTiuUTir lnNiTtini«n('innkvr, vttli a11 ll>e \yrk'ita 
Ihal be msj btkts m€i not nul^c irn-f ck^iut Jippiratun; Uat It vfll ot Icfut te 
tMfol, irlkile oac oftcQ bup (ip[ii^nitiia nLidi W i:4>iild jiist at ndl mnktftiini* 
tcir, ^r wliich iTM not pro^rij « ijunJcod* or wtlL fVLck^ bcrorc wo<Jin^> 

1 bir« DOl ikalHiDad 1c fttplain nil Vae mcdwnical opBraliQn* nocou«7L and 
bftv« iieAuiptcl t««JmL«bl l«niii ui kDOwn; Tor oUicnviK, tbo dotvriptiDii af th« 
ifipmbn would bnvc bvc-n too prokx. It via xccomuj, Iumtovcv, to llie 
fibjiirt Id riffw, ihu ilin^ijintri rihoiiUl 1h> (p>vD Tortuoh oAmoiAa opor«U«iii a« 
KildMictg. TSTnEibliig. ^lftt>.ffork£ii^, ^c. I ban brtn Irducr^. pirily by 
t^ipcricDot, and lATllyb/ Uic wEnb of RxpTtlnncMl rrtDDiU» tp collp&t Uia ili-»erip- 
tiop of tbnt £wurtt] tirucctmc^ sud m<ke uf tbwi » tqi ant« divib^oii uf l|j« 
booki ThU g*Tc iIjc ojjporlualt^ to dcftcr/bc j^Tcitl opcrotioEi) more oilaatolj 
liiiui «iut dqrtt: ta thc Ant riliiiob' ^ucli oiwraiLOM u art <xa\f ii(TCC«»&rj tn h 
ypvfial cxpvrtucat bftfo beta left ia tiicir pfiLcc* m tlic; nould bo<oughtr«t 

Th« SU* or tbo •pp«ft1n« ift tlw*7fl Rivvo, «jtbcr m tbi* If xt or in Iba fignxtn. 
M 1 bftt* tauvcd bj ^jqi^icDco hiw gtriiTljr one ranj- ttr in Itu rtvpoot lu 
tbne mp*tnrr<. t^n lino li su^iimpil ju «^ua1 to :i mllltrooiffn. 

AhboQ^b E had id f^fliivml iToii]i.-><l i\w iWJ^niulntL r^fappamtnf by tin* DfimF!! 
of tbc bventor* oir-i^pt nhcn ihli wm in coninati dm, vttar^ tmn ot ihU kind 
i;Trpt iatu llur flnl rdilion, f bavo douc u^ bi-vt to cuirvcL tltupo irrrvn in tbia 
e<fiUoo. otati rrpcat my fomif i Ji?dflriilion, itat I did not fed bound to go iolo 
litrMUfalioD* of tbo Ht;:ht of piioiity. I am gLftd to rccdvc coftccUotu. nbcn 
iD»dp ia a proper tpirlt 

In thfiarrna^onent of vqbjvfta. I ba^c followed Profpiiior Muilcr'i icKt-book 
of pby»CL AioDj n(faro» havo alHo boon borrowed from ibo hueho book, itiih 
Ibo ookMAl of tb» anlhcir. The d«*]r« to makf Tho book a» vhpiap an po«*lb1ai| 
iadwed m^ noi to rr|)mi t\vs dntriplSotk of »urb nppiiTatu* nv. Tor cmmpEtt. Ibc 
fttr*|imDp^ whopp cmslroiitlnn la dr'Bcrlbnil Id ri-rrj tPit-^JoiiV of phynlis; hut, 
■vmlns tbvir cocuttmoLiDL an kaow&> tu alludif ouljr to tbi; prutuutiuuB in*t^{-s- 
vtry Id n«bi8 or i:ociitUii(:tiiiir ibcin- Ercrylbiji; ralaEliifr to cbcmlilfjr ba« 
fcc«a oaiLlvvl. bci-nuai} tbcro arr itttviuly ricrllctii lianil-bfjok* on Ihi* tubjixH^ 

My atlOBpt at on ialroductloD to pbjELDiil ci:pcrL[aciat4\tloD Lju bcvn r«cdvcd 
witb more favor tlisn, from It* imiicrhi-xioat, I haH any tcovod to oxpcci ; titi U 
boat abon bjm MW «ditioa bdufj; rvqmruil lq so 4boft a liiau. J hav^ oeud 



Tl FBEf ACE TO THE SECOND EDITION. 

erery opportonit}', in the meAQ time, to sapply the defects of the former editioDi 
both bj clearer descriptioiia of pt-oceesea ud b; more defiuile statemetita of 
Dumber and luetuare. 

In perfecting the pteeeDt edition, I have been ander obiigatioa to many 
ftieadfl and acquaintaaces for the deacnption of aimple apparatns ; and especially 
to Professor Varreatrapp, of Branswlcb. I vonld here express taj thanks to 
these fnenda, and also to the publishers, who have enriched this edition with 
many additional figures, and substituted manj new ones for others which irere 
wanting in precision and accuracy. This is a matter of ^reat importance, for 
the design of the book requires the most careful delineation of the objects 
described. 

Ma; this edition be as kindly receired aa the ta«t, and contribute its quota to 
the advancement of science. 



THE AOTHOE. 



Fkbtkuiio, in tqu Breisoau, 1 
Jamtaiy, 185G. f 
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PART FIltST. 

HuMsnneiLt or ApDUOtiu in ffonenl, uul DlrHlloaa Dar *anio ct thu mewl 



CHAPTER I. 



PV Tilt A«liX!CU£»JL<CT C<r TUK VlAOK AVn TUB UA!?A0K»t3n OF 

[I] The Room. Convonifint nrrAn^cmcnt uiii careful prtit^rTotiaa 
cf Tbo ap|i]irataA foclUtAlf iu nne, aTuI r-oatri^juic to U« durabEHl)' ci^mucb, 
tUat tlM-y lurc of cqu*! fmj^orlaiicc io the tcvhvr tud Ibo >Liu&lcar 
Lut reotfonnbld doairc» cbti wsldom be ffratlfiod in ihfsi raatlcr; the 
tocbfir li ttUoia tbl^ &:> iiink« th^ desired arr&ugcmeutB or L'litngc& if, 
kavvRr, ii be in hbi jMivcr {« conUot Ibo arraiigrrment of liU lecture 
rooca, au f^wrtiufici obuulJ bt eapeciollj Appropriated to the purpoie of 
pbiMKiil i^itiwiitncntittioD, in irMch ib« seats should be Arrangdil In 
riling BuwwftioUf witli Ihtf fcirnmHi ni'uHj oti it kvul ttttli i!ip Ublo, si> 
that ctoD ihoK 111 \ht fint rt^vr umjr Eook dowuw&nl upon it- Muth liiao 
ii ftav«d iD ihU MTflj, br <]iift}>]mK tliti Irctnror proporlyto propnro cucli 
.npvrinieiii befonbood, not \o rutmiuTj Hk' timo uliyh b oftoti lout by 
fiarins Ij^mI tb« H|ipflrAliifi in its pluoir durltt^' ihv bcLurc. It h tery 
iidTUDtcK^odj t<> hare no adjoining Toom hr the prcfcrrotlon of tbfi 
Apparst»ii Thts sliould tit no oa«^ be loo Ur frooi ihi^ J«cti]n>-rooTni And 
Irut cf all Ilk niii'ibc'i Morj- Thn UboniLorj mint bn nnar tlic np]karali]3t- 
ruuDi. TLU room abijuIJ havf the aun on at koHt one ildc* end bo well 
provided nith shfJrca and drawers, 

[3] M(i«t pk-c*» of appnriLlniir<nnbt)biffltkqiltngla)HCiL^i<sftorutWGlr4) 
to f<juricL-[i iiiL-bea io depth, mudo la two parla, « lower uurj ubuui twu 
fi^i^t and n half or Ibroo foet hljj^b, with wcodtn di>or«, ftnd nri upper with 
glued tkoon -. t!io*v tJionld move ou hing», not «llda Bj munuft of a 
utoll bdd«f qT two irr lliree tittfpi, iu:i:esa cau bo bad to ibu top ahelTvs, 

a (IT) 
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on which mfij b« plAc«d mch light Hrtieloa tn tn onlj used occulonaJiy. 
I-tirgi?r iitvcn of a|)|mnilmi irhk-h raonnt bp kopi In tbr-*i* rwrs, mipIi ra 
ikir-pamps, doclrical m&vbiues, elc, sljotild ba i^roUcWd fn>ta duAt by 
«iLltat>Io coTcri of pulcboird, tnuAllo, %i\i, ur oiber maUnuJ. Ia thia 
room u 11ttt» vcffk m poidbl« tSavnld bo doD«. 

[3} In Ihu frorknhop thtrc slioiilil b« o wiiie, firm tftble. with drawen, 
in tlio micfiJlft of tb« room; aud, by & mndov^ a beary work>b«iLcti, of 
thrcr-iach oak., pruviilcd wiUi a rictj. IJmhr anotbi-r wimJi^w KboiiVI be 
plnced a turuSiis-Uthe. witb ib appnnilas. A fur^v is aXso iadti^usMt. 
It ebocld bo lo elliuufil ibat ib« operator (bull aot ntApd in hi« oitd 
liffht. The U'llowHtiin Jh; arrnnfffd orerbcud- II need not be 1 arj!:*— from 
Iwti lu r^uf aqiun; TtfL'L ure uuuiigb fur itll pufpOJitr^ In ciutf tlm Lrpem- 

Kir 1« oblJKtd to mak« it liimsoir Uic ncccunrj dirccliona am irivcn under 
tbo h«ad of gloia-blowin;;^ Tbc tabu whic^b i-onducu tbc blaal to th4s fur- 
tiflpe [D»y be ma^O of tin, fhini oo^lotwoinolii^vvr^iie. t«Tm1naliTi^lnnRA«l< 
Iron no££lo> nith nn Apcrttirc half an inch wide, \n order WCQDci^nlratctbc 
blast llio Docfilo prcjvctj balf on inch luto tbu funiftcc, ind inoliu^s 6t 
ABinall angle iovard Ibe hearth 

Tbo htMUflpo i« iiiunllj fiirnf^b^ with a itop-rack, in order to con- 

>iy, 1 




rnrsiCAi manttolatkht. 




Fig. A. 



ffOrl tt>« hiatt OF ihnt If of kti<til«ntr. It h veil lo btre & iuh« lend- 
ing ft<\fa cV hlit^ of llii; Hdji-ccHk, a* \a ttf. 1, the pArtt nf nMHi apit only 
iituck icio cafh ol1i«r, sa that :t m&j tw fixed io any dirrcltan and ^>roTic;ht 
lo t>«€r upoa fl hand fitnince. Tho iRp of the «loji-4.'0ok Is inido c^lSadri* 
ml, Kfl U fhovn In flfpi. t nmi :i. nrid hof rhrvi^ npnnlng*^ 
no iJint the blait naj bo i^ntirtlv cni o^, or throini into 
either lobe 4t pleiunre. Tfi« bearth uf the forg^ iiee'l 
not btf more tbflo twa h^^hev df^ap; Ica dopth Ie rnsily 
uicr«ju«d bj Uyins ■ ft* Hre-^rk-kii aruund 31. A tnlvt 
^old be proWdfKl to c1()w ih« ctiiancy En the vbtf r, 
wti«a the forge U cat in Q«e. Ncor the forffe, a hlaci- 
Ikrn&i'f* Khwitd l» hinit lu tlie hrirad hunrlh. A gliMt 
cueelioiddbeproTldcd for Iho neceaurrcbeimkftlA; thd 
tooli, bowcver, innT be itnf^h iti mekK na-il&d iti^ik!;i the 
vilta or in the Teeesiet of ihe vlirdowt. The emftllor 
mud oaore ddknte ftrtic1e« maj be intiserted In iroodcn 
boxM or dr^wfrri. 

[4} The Inirodaollon of gA« Into a Ifthontorr is n 
great coovienleoco: It h rbrnpcr tbnn nplHl* nf wine, 
cleaner nnd more fonrenicnt than unr other fuel, tind 
girea ft hotter Hame. T^^ biirnprv eboatd Uq plarffd 
over ihn li^nrth, mtti for iriamEnttffin, the other for hent- 
ixf ; % 4. I\ir tlif Ut- 
ter piirjioaOi n rlnic with 
throe ftTTHH, ^fft. f» mid f>, 
is fixeil on Lba bariii^r, lo 
■nppoft aconicEil intteof 
jih»ct'tr>Ei or copper, Ug^ 
I, nhE(-^h Ih covered Hi 
the lop wl(b cficitjc wire 
gniiKe. Thcg»>irnixe<l 
io the tabe with aimoi;- 
jdioHc air, nod biinis 
abore the g«uxc vixU 
fr blnUh flftoio, wiihooc 
inaolie- When a liiglicr 
and ccjuctutrftte«] heat i9 
reqnLrod, this UM n^fij 
be «urrgiind«d bj- a Himl- 
Inr one hxlf a^i Inoh lii^b- 
tr. r»fting In the nieboi^ 
iig. C^ which brtDgfi an 




910 



PBVSICAL UANtFCLATlOV. 



additional current of air t^ Iho finmc. The flnmo iicompIcttJy controlled 
by ihe itcp-LHX'k^ TLlc' braiK-b tu £fr, 4 can hv filled with & joint, 
so on to Awltig ruuTid, ir de^drtiLili-. Almost nuj rotm <rr l^omtrr riii 
be ntctJ^ The irvlrc fcaaK muai lo two Luclica ubotc the top of 
liie burner Biiru«r[i with nuoir.fout api^tuux oro i^rorornbJc. bci-aino 
tlk^jf prrxttiix- ■ (rior« iborougb mixiafv of the gah ulth ulr J^iiaj^le or 
Jiflulcd bro^^koL* uir j'loccti uicr thi; work-beuclius. Thv; abuuld be 
inadij with tvo hurnon, >q that one inAf b« nimd for niDminaiioti, and & 
flt^xlbk ttibe uttCKih«d to tEiii othtr; or a uiop vocb^ with aaiborttubc boot 
ilownwntxl, iprt b* afildrrBrt inT/i th* p1|Jf, an in i\^ H, for thr piir^iowi of 
atlAohiDjE a ntlcAnixcd rubber hoM^ K a thin Udin'rubbcr tubo be 
utTocthtd diri>(jtt7 to the hnmor. il will bviid ^t'or e^ekI atop the liov of 
igafi. For hoUhi^, or tgnLtlng, on tha work-hench, Tho vnm gAxixe ida^ 
Ur set over tb« butui^r, A^ Sj£. 8, or the barucr, Hg. 9> which Li connci-ttd 



/^. & 





Lb^?, wSlh lh« |itO|>-0OCk, O, dg, S. This b^Lrrt^T C':inirTKti: rf a 
flrtnftil Hinad. a. In whkh tltP rod r may hi; llxrJ nL lUijr br<ighL 
hf a MTcv. ThU rod aujiporU ■ iciu tube, d, on vrhich the liuracr !i 

•tWT*d. 

(iu ftppnnunt for rome KpocTfil pi3rpoR«vi vriU 1»a dvicrlhfd ticr^aflcr. 
The nrniDifvm^ul clcAmbc^d hcrr LuTi»lu-9Lifa Lille ndditif^nnlcxpciLKi;, tflicn 
ITiM is i»ucc liitroduc«il ioto iJie IjuUdiup, thai il li:uni no prcportbii at 
•II lo Iho eoiLTonlonoc altninpil iij it, Th*>tie rpqairmi^i^li vtll, p«rha|:ii, 
■rrm ton j^*i| fur ii hii^b n'bnul or iicuilenij, litit ih«y I'nn liunllv he 
tnodoratnJ^ if inatnictlon h to be imjinrted «ucL-eufuUy, pud uot confined 
to text-faooioL No provinon Tor iDHliTirllf»n in eijecoielry U hvro ^ontom' 
pUiPd, for erovdiug b »orh4hf>|) kcd Inbcintorx tugcthvr ti ntlfudoil vith 
niiich injur? to Ibo Iron otid Bleel lar>lt. 

[5J If the t6Mh«r be dbpovcd to dcvot« time to the construction of 



rnmcAL MAHirer-ATios. 



)1 



ihoro ronrtmriBil imiirr bla imjwrTiitin liy nkillfiL! wftrtrnpn, U« tmua lie 
provided mtli tlia wxcsmij tuuln. wkiL^li are not n^ry &umtrouK. T1i« 
most of them b« (*n ooDetruct himself m t>cciwi<>n rcqiiiiw ; aim^ tdi l^rj^^ 
dponuloiu had bdtior bo left 10 & moclianlc- Th<a nocv««ify ikiU U eniilj 
ttef|iur«ij, ytUh t^ lUUti CAn; luU atUaitiun- The dinoijontt giv«u iu thiit 
book A|>plr. whh tho oscopUon of told«ritif, Tnostl^ to opcmtioM for vMcTi 
no «rp«nonocd vorkmftn cnti ho fnand m hfilhU towiu^ (La<l at which tha 
exp»rim«nl«r mDAt oft«n irj hU huml without ever haifrig in^u tlieui per- 
rorucd. Tile fotlowiu)|^]t^lmajrliO(XiDHlderct]McamprlfiIag the Dcci^^arj 

1. Ail Iron *1e#, or Aboi^t 30 poandi Tvi^ht 

X A 8»t of tllcK aricl a haik(1-v[p«. 

8. A pair of ImHoivji. with nrntcr troufch, umith'i ton^ii, cool ihorel, and 

4 A hom<^d nnril ikf rrcim JA in .10 pmindi, 

5. Sevtml hammr^n of froia ino pnundi to onc-qnortcr nf n pound, 

6. A fwir of nippcn. 

7. IV^ flat nnrt iwo roimi-l p!iprt 

8. A pftir of tiniirt'i !<liviinL 
& A«idfttllMh«. 

la A ohiwL ftnd a ffoajtft for ttirainj^ vood. 
1 1- TorioTif nng«r* nnd Mti fbr the Ulhe. 
li. Ilrace, <«ilU au auunincat of \A\a. 

13.. A »cTtw-plnto for cqIUeij; 8crcw4 of varfotu? dcKrc^a of fiAtDQu^ np 
to two or lltreo lioei, 

14- A iiiw for eiittrn^ TiieUiT. 
t(u A piir of ccktLipcn. 
IG. A miUia({ wheel 
17. A »tew wroncl). 
IS. A Ja«k ftad a ainoolhiu^ iilaae. 
If. A coapl« of chiKclii [Lnd rftjpii, 
A panel flaif. 

A f*w UTew ifUmps of cUffiireiit »Ji«. 
22. A gkc pot> 
22. A hatchet 

SU. A g^odftooe and vheff;toi3«. 
Sd. A rhnrcortl fcimfwrr, 
36, A ipiHt'lamp with mthcr thick tricL 
S7. A bk»V'pip«. 
9S. A loldvrin^ Ircti. > 



« 
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i9^ A gloM-blawer^f tnblo^ 

30, A pivlr of jflruuff ic'noitrt. 

Zl- A miiaU iron uorUr. 

32^ A porccUin nortftr. 

33, An iron bevot. 

A4, A itluitlerS dliiiii[i(u], ftnd a tliaiiL^utJ fur wrUln^ on giaiat. 

Tliu ccat of all ibiMo brlSclcfl m*j ftmouct 1o (lUO; tho lathe alooe 
lioin/ worth, ^ay (^0. Tho prit^ of oaob vill of uouruo vary vtib thr 
|>erf(N?tioji df tliu wurkiiiniiilii[i. but llio Dnt cuKt irjiuiiul bo Io^h limn tbU- 
TliD must I'UHtl/ iirilclir. LLu latbu* In M tbt: miuv liiuu ab^at ibo uoAt 
iudiqpoDjfotilo, If tho c;cpc rim enter bo noi fnmiliiir vhh tbo ti»c cf this 
iDslrmiiGi;!, tbo ndvko of honiti oxperi(?uce<I ji^rvon should be lAkea Lu lu 
aelBcllun, wUh du^ refereuce to iIikt plM^«i vhera It b to bo lued. Wb«D 
the ia«»nA ftUo^, U «boald hnvc cwt-iron checks and rctu. Tho Hpindli: 
Biiut be unnj^ptHl for nttAchin^ AcrDvr i^uldotf* aud havo on tha i^book eud 
an 6x(ertjal ftmt liMernftl scrow. Tiro drums wItL tie required, one aboat 
eS|jht EiicW 111 iliaineler for icrning iron, the oth^r ihrcn or four, for 
luTTiinic woc'd anil lirain. Tht; ]!y-wh[;cl jibonM nol be h^an tliari 50 pouudA 
v«jght> atiU two nnd u butf fuel iu itijimi^lor lJ«»iiJeit ihti tooli, a Mtcok 
of vnrlori:! k[ndJi cf wooiE, tnf'h lu liforh, wnlnnt^ cbrrry, and poplnr. mast 
bt laid in Kom<r dry ^ry place. Nculcct of tbU ctuau iDAHy dimcaltfes 
ftom the abriplcmff of gTccn vrood. 

With tbo obove-montlonod appnnUiiB, Ihn oppmtor \r\]\ Im i^le, by 
dcffTccfv tv iMJiifiirnPl Ihc rcuiablnic tools for himsrlt At ilnrt, all will ^o 
on iilcwty, ju to mtkk« the pmatluHL or Hiinpk'iit urticlc may require the 
ronfitruetion cf a jpueial tool; but ihit. difTicuUy and dday will grndually 
Ic^nni^n, und inu4.-lj ^truL-iit<uJ iklll bu ubttt^rivil fur furlbcr opvmlirinK, Tha 
exp«riiuL'nt<r luiisl kurn loilu tuiioh wlib bmall cacaiui, and creu, lui Frai^k> 
lia uyc, "<nw with fl j^imlut and bore with ii ^ftw.^* 

[t;j If, aftiT all, tlii^ ibbcjve tgola caactot be obtained, tho following 
will auiawbr u |2ii.vL uiuiiy purpoHtfH :— 

1. A «mmlt boncb'TLCO, vith AuHL 

3^ A bnnd-Tk'v- 

3 A 4iii»!L fthvil «ir1i n horn. 

4- A iioir of nijiper*^ 

6. h'\t\ and round pHon- 

1S. Tvo hamiu^rf, 

T, A c(TUple iif fi)i» and roAji*. 

K A fv*v ^iuildiiH 

TboM may ooKt Komc^ |tf6 ii» all, ftnd ure TO«lly oi few m cui bv ^t 
ftloog vitb. 
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[7} Tbt pvrclkftw or ftppatAtiut depcuil« w much oa tbo meaoB at 
cofflouDd «iid tli» ftxt»at of Ihe lasirocUon propOAVd, that qo |^D«al 
mlM «u btt ^tcB f<>r it, ir ttic tuji^Uiir be InoxperlAoeeJ, \\k Alioiild not 
bfl hiMj la tCAkioi- lib porchtWA, bul ralb<}r aci:iuniHftt« app«r4liin sradu* 
ftllf a« it it ncc^-^d In th« count of bis liMlructiou : b« will Ums loftra 
bctt bo* tod wlirro to order upptratiu. 

Uudcr ihs iBapi'oiaiM*ti iUkl ii ii miriiiled tu i^mulruL-t luost uf the 
«pp«tikt(u fbr oQcV aelt llic follovlav BbonM b« IruEuodbkl; ord«red Cn>iA 
AD iiHtm&ciiUmaktTr OT«a thoufch tli« iDttraolion to J>« iiopaTtad Ito of tho 

h Cominoa balauve» carrriu^ fruui fjve t/> ten puuads - - - $25.00 

3. An ftrwtmctor -' 1.00 

3. ^(^ofi boiomeur, with vtoppvr ...---.. 90.00 

4. AJr-pum^t, wEth ilH n[>(K(rul^iFi 110.00 1o 30AQO 

5. ModrU(*f eiwtion and for^inK pampK, nilh glo^ tube - * 12.00 

6. CoiflMrt, eOQTVK, 4ad pUaQ i^lau mlrrorv ------ 3,00 

T. Priiai, of RJnt glnjui, *f jMisslblfl 1,S4 

Q, LAT^cobiu Iciu, villiKVFi^rkl of muhIIlt »!/.■?; duoacun- 

oftTo I^ns - COO 

^, T«rrMtriAl oclucciaJo t«leecopQ latgoitflng IS to :iO tfoi^a 3^00 

10, Conipunnd tctkroiDUtU- uiit^ruAuopn ..... $lSvO0 to 50,00 

11, Th«TinoTnoEcr, (he sci^e OD jfUA$ -------- 3.0O 

12. Water hftmrnor ft.OO 

13. HorM'-iboe inA;^iL>l, L^iirrjin^ IS to ^ poimdi . - . • a.00 
ti. Uagtivtic ui:«ille wilb u^t« cap -.-.---. 1. 00 

16. EIoMrcaI Diocbino 130.00 to 300-00 

IG, SU curboa aod zIdu i>luin«iit4 - 16.00 

Add (01 toolt^ AQtl |ifty to workiaea for vrbBt h i^kaQ ouf^ fkrnl 

fcrMterl«l« tmoo 

Tliui for an urSginaJ otitlaj of from $400 to ({jOO, ami 011 niiitEUJ 
(ddbtloo of lAOfor M IpheI thn flm fnw ;p«ri. ibc i-itjicriinpiiict will lie fu 
pDvnvioD of Bppiuiiiui b^ tavtma Qf nbicla lit! vrJil bv &blt* tii i^Ire rorr 
tfe^rou^ uhoul InBlrvolioa iu iiIit^Ic^h 

A loor* cocoplote Ibt of appiirttiiv will b« fouml tiX liie «ud of the book. 

[8] Hu^b cif lljuntf iuBtrumeiiU. u*i fjti us puni^ile. tlii>u]il \it: lAhoa to 
plot^, iu orlcriliM Lttcomtniotion marbc acoiirntcly iluilu.vl» and mbaipa> 
lAtioD be thuM m^rv a^udiEj uudi'morx]. i^oiuo too itiTiy hiivv ]in|j«rr»olloii3, 
or at liutfct uiirvrinintie^ in uh<'» i^nly to hr Hti-liJr'<l hy A|>i-i'-lnl prpcautlnniL 
Sbodd Ibkt h« the cue vilU anj. il irouM bo veil to attocb in writioff, to 
McL, tbo mcth^ by wbieZ) ih^s neoo^sai-; r^K^tEticotloii k« to be nods 
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L:lE«irtG«^ all ap|tiArtonaiiofi^ moh fts wirtB. hoobft, «ta, ahould bo iaii 
lje«id« lhp npparftl«8T"> whirh lli*j Mong, Wh^n nn lnn*ntc»ry of nlwt 
U Lcplj CBch pioDO shi>{iUt bo itTimbtrod. &ucl o|i|i(j»ito lliU number in llio 
lifll, ttUould bo dftted thi^ naiUL-, use. (0»t, cic, Tbid wllJ bo nwrui to Iho 
praaant lfiCi]int)Oiit, ead etJll mora lio to h1« snoowio^ 

[ft] Wlii»DMTrr nny plern of njipnrnlTM h:w Wm unril, il ihinH bn rarr- 
fnllj clcflurd and rcLiim^l lo iU bpttrupnut« p]ftcc ; xtU uUc]» shonM, ^ 
fiur AS posaible, b« arrauiccd iu By«tom4lio oni«r. 

GtAJtEVftfe In hOHt i?]«nn(^ with nlt^ohoL and lilottlnjc^p'^p'^r >^^(1 ilHed 
with u Htaii linrii Motb. TlriLU ^Uimld bu rulbfd, mi the din*t'timi in 
wliicb il woA poliahuJ, mih Eiaeii tied fine Tripoli, or p rcparud oLalV, 
and dihito Edcobi>L, Itrtus nrticlvfl nro ir^bomltv Tamishod, b> vrhici c-ft^v 
nutbin^ more can be donn tbnn Vi rub them wiib vUtn b1atiiiijf-pa|«r and 
Gnu Imt^ii, mid ibU uiiljr in the dirvcitoa of tb« tdruak. Artiaica in tn* 
qucut ti?ic dhffuld nftver bo vnniUhcilr an TArutsb «o<^n mbci olT In spou, 
ntticb look* bELdlj, Wh<nov«r tbin U the can, St vi]] be b«ttor to roraora 
tbe Turuiftlt vntirrly by ri».'uua iif nlt'obftK 

Iron u^jpt^tfttiu Sa rnrvTy varndhrd; Il may be clentied by rubbing "rith 
blottuitt'papor nnd a hiilo olivir oil, with which tha jmrfnco »bonM always 
bo ]1g:btJy |^F«a««d. If hufdcr tubbmg in o^c^ccary, add t<> tbo oil linnly 
le«ij^altj eiiiHry, or eUe lake emery imper. ir the htit-t cammt be 
obtained, il mtiy rcndllr be tandc, by cOMirff «Out vrllinjr-papGr wltil 
■tiong gli>c, aad Ihi^u tipoii ibi» aifting emoTy tlirongU Hita gauvt. Tha 
iWt U tben to be folded, so as to bring ibo coated anrrK<'e8 lo^etht^r, and 
ftOTtrd placed b a pile between two boanTfl, nml dr(cd ondor ft modenUe 
ptomrt ; llio loo«a craoty may afUrwnrdi bo shnkcn ofiT. 

[10] Stanilardii of laoavun are an Imporrant part of pbyi^ioal appa- 
raiiiM, and iba ei|wrlinenter sHunlil l>e proTldrd with thow in irnikinon 
una, Ro tb^t dcMTiptionn of forciffi itiiitnimrnla mar tc midt^riiood, wilhout 
tbo labor of reduving thctn to tbu muro fEiTUiliur aiiEf. Obtuhj, if poAsiblo, 
a8l«ndf<r Ulcfc of applp-trt^ wroil. wbtr-b Tiai Uft^n rni a li~hn^Tliiir ; fimbkta 
It Into a bar, half an (neb nquure, and a meter En Icaj^h, The endii 
mnat be cnt exactly utuaro, which may be done vtiili a Glc. Lay off on 
this bar iho Ifingth of aycvnUbynn ofQclol Etondnrd, noilng tb« U-mpora' 
tirrp, wTiS<'>i, hcjwiirrr. hna littlr itiriuMni^i? cm w^xjif, and d!\-b)n II Intn liirh*ia. 
In IbU woy a scale r»n be obtained ahoae at'curwy may he relied on, at 
Ioo«tvitMo huown Utnil'4. whi?h Ir not the ca«i) with rbi^tfopurchatod^eren 
whftQ offlcioHy «iAtnpocl- Th? lines or Ihc otht^r lulHtivii^ian of ih? fnch 
naaj ho marked olT b^ mtnns of n paper m^uIlv For ordinary nin. a 
iftpa \ht or wooden meuure* whoM nccoTscv hoA been ksted, Ih ^oU 
eoongh. 
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ll 1 J Ot) tlw oUior tlirve Eid«« or th^ bar mnrk tltro« other tcftlcv, their 
length Imvlng firtt Itmin iitfiTnnini^ t>; nnlaitlnrinii, aitd tbeit ftubdiTlJe<1, 
Tb« grwlnstioD oiost be rcgaUleU mid t^^giitrolled oa much m po^mbl* bj 
tfoiMjftl&oD of iiibdir^bii8,«> u to make the var[oaA kciiI«> /^V- 1^- 
hftrmcflifxc vrlih each othor^ A m^tor, diri^od iaio c»DtE- 
meUnv «buuJd bjr nH cii^fmi br nmonfC Hit.- riiiialjer- 

laonu. and lb a» alwul'l thoNforo fao clearly oxjilAinvd Xo 
a clftK At ihiMft In lu-uin] oad nra nfcncrnllf smn]\ aod 
dkereAir* mbuiipd la illiiktmtiim, it vfiW hv buiicr ut vou- 
Rtmct OQG ou n hr^c kaI^, from foar U bU f*«t loQff. fij^ 
IQ. ir Iho iroi3d bo tifrUt rotortd, nnd the dHitbnii w«ll 
hiackeiml, the mn of tlie Vctnfer nunjbe eiplalD^d to a 
vbolocUft^ it oti^(. 

C19) JS<>llSUrC8 0f capacity. — Mor««ccarat«meu- 
nrvH ih«n ihoio In d&llyn^^wlll not atu-it bo roqxilrpd. an<i 
when Dnre»«rT, [t will be best to ci^idoj the c&rrc«poiiiiing 
weighta. If. boircicr, tber be nraHy ix-qiured, then they 
•hottU b« aiail* of netsl, fLnd oyllndTi^nl. pr^i^rvln^ xhe 
fvopor 1«g«l pro|Kirtlnti 1ictvr?f!ii d inmet«r and h^^tghU 
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The eiuct longing 
of mcrb nieaaiare* prcacuu mcmy dillvctilti<j8, when thoy ftro required lo be 
fillod to tho bfao- If thU bo not tho cue, and ii ncrer ist eo iq pbysi<!a] 
exprrlmonu, onetuignultiiLte onjgl&n Yi-iwrl for liimKeirjiy jmurin-imUl 
It the pn>|]*r fttigbt of waur. A glaM Uht of onc-h*ir to ono iwh 
duuncur, which bw bovn odjasto^ and Kroduolcd into c&hlo L<c?ntiincUn 
bjr taeeejiito eddttlom of one f^runituu of vai^r, will l» fonnj very cod* 
Vtfuimt ifi miiny i?K|reriui«ut& Thv dlvl^Iufi» may bo mnde \i\iU l)i« dift- 
tDond, and ftlioujd corTCA|iond with Oio hoHzancal inirfaee of the water. 
And not lu olOTttod Taargin. Th«y may alio bo euhod In, u^orttlng to 
ihe itlncUopfl girea in the following chi^iter. 




[13] Ai it \% mu to Sod in «mAll lonms anj owt vi-h*> »n work glofiS, 
Tlit» gifn«rn!]/ di^tolrat npan tbfl phrildii; It U tburvforo doicribed moTC 
miaaUly Limn otbur lUeL'liiuiK'&l oi^tnitiuiiK. 

( UJ (-Ninety id ft vtrrj Qwral mALoriAl iii worklofr (cI^m; It i», thororon, 
w»lJ If) {loftTibc tilt node of pr«p*rJiiFT ^t. CommoFOJo) emorr in Di>t 
^etii^nLliy w^ll HA^rleil; the ttnfMt cIuhI Is inUecl wltli coirMe grnfutt. tVom 
wbkb it inuftt bo eeparai«d b; levi^Mlion. Tbo commttrulol einor? 1a 
titirrvd LnKklj, vtth tcA timcfi \ts woiRht uf water, wttbotit fciHnK it a 
rotary mjtLUD, aod the n-iitcr iiiKianTiUy pouri*d olT fruuk the iedipii«ui into 
another Tenet; fyoni tbUvM«el. Afl^r «taM]1n^ from lbr?a li> tour mhiaus, 
ft in ponTDi] into n tbinl, iu irbich tlio cnicry iji allotre^d to xub«icl« — or, 
fift«r Muidlng fn>iii fir« to tea minutes, ii lb paurwl into Aiiotlior TtasoL 
Thrw or four Boris of frnprr, va^Fng ti> fl(i«no«i,ar« oblnlneEl in ihUvct^j, 
the coATniJiit of vhinh \n nfUn ^tLllf-rnlJsrl vltli «nnil, nntl tbc TArion* 
^AdoA ore dried uid prt^iortcd stporoJclf. 

[lA] Grinding and boring gloss.— 'Hio ix^^neions for grind- 

hi\^ piiwi in pliyiii'jU ffijM^riTTinitiitlon itni rrrj tLiimiTniniL Tbo rongh 
griadiag » done on & E!at ctuit-iron ]>Ut«, witli qiivta nftod or coam 
0m»r; and wM«r; aud ihtj artiolo ti |>T«aad atnov^tfa oa an old pivo« of 
p1U« glAit trifb Ti>r7 fin# fini^r}' and WRt«r. Tho ptnlcii trbli^b ftm used 
for tbiii |)<ar^M}M', cfpcrlallv llir ^Ijw> jilikLiTu, do not lout U»ng\ tbvjr noon 
become conoare^ Thcv njBjr, bt^ireipor Ik ptound et^n bkuIii upou uacb 
otbar; »Ofy good uast'lrv»n }>laie9 rahy ho had far Ibis purpow from tho 
miWTblriti'illiOps but tliej i-boiild bo rrarrvi^d fur tlir* lit][«tLiiig tuiiobm In 
Cft&e tl^o glaaH pUttT jf Lbii air-pump aboald hi broken, a pi-Tce of lairrcr 
frlaAS. of tb« propor thLoknoix, should bo rnt roatid^ the odgos ground ofT, 
niKl tbij hoU l^oml thrcitgh lli« onntor, by a copper coin fix^d to a plwo 
of Hui>d iu lli« luetic, i«Ub em«rj aiid oil Mllfa a IIuIg paticncr, njk 
augulur plaic of tflau may bo round'.'d on a comvion grindstotke^ lUleti 
nay b(i h'>rfid in g\w wKb «[uw and rapidity \ty tatta\% of an Iron, ar, 
boLLtr »t]]1, uropjir^r HnK li^^f & line ibitrk, si^^arad to a noudtu cbiiek ao 
DA to bv eobcmiirii! witb tho ipiodW ul" tbe laU»e; u piece of cork, corw- 
ppoiiding In (ii^ to the iaaer diameter of the ring, la ceuiect^ lo tbe gla^ 
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u 6 gnlcU. ^e Uthe iniut be tct ia rapid laotioD. aod jt thiQ pute of 
taifj 4fid oil oonaUnLJy jtppliud; a roand j^oco cf gU» will thni be cEit 
OtiL l4oiitu<0«atoiiior thick glauln the wn^ v«j. 

VliCD Ui# glav tit nrafly cat UtroQ^K & hdiooUi plucn of li»i\l nuoil 
nufit trt pretsod agnintt it, oppooiu tbo Hug. And u Noon &t the lailic caU 
tkroogb ia a «iiif ]« Bpot, tho ftpi)ti«fttb& of emery fboTiliJ ocaie ; nl leut, 
irium the gilAte Ifi Ihin. It l)iTpr7dltncn1tU^aTnEd tpTEniRHn^lhcffil^^ nt 
«otli bo]<H. Tho ht9l mode of prcrvutjog it» U lij boring frrjia both sides 
toinud tho middlo^ Holoi in gloM nuj bo onUr^fod ly mtftna of a confcal 
bk>ck of wood tmcATod with ocncfjr ud vrfttff* WIlcd the pi«c« of (^Iiuc 
^ uf Bucb «biipe Uuii U can he lUed on tlu? tuLlitf, a i-inmliir ^ruuri^ umjr 
faecDtomvltbftiTATcr. mrristouedirithcurpoDtmt.vyioUK'LMhcLfltumod 
llovrlj. llobrv from onu to two linoi in diametor muy bu boruJ wUb a 
ep(i|ierdrillfud iboAeof leu hEi^ with a iliEVtf-ciiru«n*il poiotedAtaet drill 
mofsMbvd vttb oil of mrp«olluQ. TLu watobiLi&kor*» drEU-toir Is toot 
tonreDuat for liib pnrpou. Tb« prcj^inre mast bo very jci^iitio wbon tbo 
polfit of tb« drill aoDXM tUrouf^, tloltffl may fj« barad by huvl, wiQi ol- 
cnovt may bard to->l moblcned wilb mM 'jf rurfMioilite, n«arly ju fiM. da oil 
a lalbe A<U11 durfotfoiigiron to a rIoii plate inntrt rciultlj by gnndmg 
Itou linotfaer glo^ plato viUi emery auU wkt<>r; if tlie pJatoa bo eren, 
tb« fintKt emfry may b« used al one* Qrlndfn^ irryHUlf, for optlcnl pnr- 

pOiti, viU be dc»iTlbed in tlii^ rlmplj^r i\u rjptirM, 

[tcj Grinding ctaas etoppcrB. — AHboui^b boulu ^ilt gtas« 

■topp«re niAy b«i bs^ rL]mi)st auywhr^re, there la «?1i]oai cv& «ronjrb inton 
to n-nder tbem air-tjftbt If l.hn ituppor ru^-^cU Sat llUb* nUenktltu, it 
iJiutiM 1-0 ifrouad by baud, with ctbtry and trakr; if it bo Torj irregular, 
it «boaId br fixed to tbi tatliO, an^ coarfo IM11M7 and <tuaFti! Rimd qaocI at 
ilpat. Ia both dua^t tho jtoppur munt hn*e hot only a iv)lfiry, l>nt a 
loagHuduad oiotloD^ U liHolfli^ui ^ortb while to tak« much truublc wftli 
ftitoppot that file vwy badly, bat h ^OTnotloc-i mnybe ncccflnary, nnd may 
b* d^ae most aasHy by mnkiuFt it cop])cr p]ng tbc iiz« of the vlopper, and 
grlndLij^ unt tbe nec*k of tbe bntile with It. Wliuti a stopiier sticks tl^ht, 
loo laoch force ihoM not be ai>pl1ed t'> it; It U better Ki beat it ;tcntly 
over a Aptrit-lanipr and then try lo tiira iho stopper t if not nucce^^ful the 
ihti ti»e, let tbv boule oool mHi liear U ugAfn inorp hfjrhly. Cure miM 
b0 tahcn lo bold iba Lallle ao that the coalonU sbnil not br npilbd in cue 
H hroahi A drawer f-bonld bn approprifttcd for preAcrriii^ ntl odd titop< 
p«r«, vbtcb iTil] am*! itito pluy for muny purposes, 

pi] Cutting gla8V.-^It id oftau iia-e>ijar; 10 fnl olT ^Ikh tubeit, 
ro^, txr cyliodrical Toanla. Tabes not orer i to 9 iacli thick laay be 
brokea soaLly, by makuK a aotoh m ooc mdo vi^ a Ihree-coroend flte. 
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Aftd IbcB pWi^f botb tbsmb-wk opfMMit tiM ooleb, uH beadimf; ih« 
tite ilovlj o«t«ua Thlefecr tib*i MWt b« cat ill uooftd vhli b file 
dippid ta iplrlu of tnrpntiM; or a rtd-bol Iron i»/ Iw dmwn ftrmatf 
IW fJaee. ud v^kr 4rafp«d od t^ h««ied nHkce. Aft iron riac i> bcsi 
ad*pl#4 U> t^ purptue, ud i^mM be beM bj- & ae^oftd p«t99ik wtio elM 
boUft wxur Id r«utlM«. A rrvk m^rtwlnnn uijiHiwdnw, li^ pbdn^iL 
bet kO9 0«UwclMiJi«t before it, aii.<1driiTingiiutb«re«(airr(ldlrM4ioa, 
ne Mb>*Tns aflhod b beUtr for cylindrical TMe«b: Tie a lbAi«iied 
ftt& of pefMT OD terb lUe of cbe fpot vhcre Ibe glnei h to bt nil off, 
Imite^ ft ft«e vfocc b^tvoea them kea than ft line in vulLb. fomiftf a 
Aen»e1 beivMft Uio tvo foUtu Tek« e fine, il^ily tvirted con!, lee; 
eftoi g b to fo ftTonari tbt leoel, nod kofe two or tir«e Mt over, nfter 
Mn^ woond ntttOMl ibe biAd onf?eortvfMett«Hi end; lira fmvoei now 
bold tbc Tfond firmly egntnil ibe tebU wttb one bead, ttod nkh ih^ u4ber 
4nw tbe eovd becfc end foftb in tbe c beon^i between Ibe pepen^ Tbe 
glen Booo b«cottM u b[gbl5 beaud that the cord tubs fir« and bnrna 
oW; water in tbeii thrown on ibr boated «pot, Tbe glan g«n«ra1trcrac&a 
cy^ J. oC nr^ etenlv, and tbe aoft 

^' co^ tbe marrowtr ibe cbaanel in 

wblrb tbe cord moTcd. Tnauad 
ofiheroMaof paprr. Mobrtwet 
tbe woodfD iiwiruEifnt, fit: li- 
lt ii ifretr«d to iha L&Ut, and 
cacb operator hoJd^ oa«end of 
tliccIees^KbltelbccordUclratni 
backward and furwLrd ilitousb 
tlie till \a tbi< wiiui). 

Wbni tbe g:UM Um alrcadj ft 
orackf or one etoq b* ctert«d from 
an edge jbc bene t^nn be applied 
more ci^^nTtaknllT witb litUo 
Cfliaderv of tbarcoal. TbeM 
coali are prepared In the fbl- 
luuilng wftT; nOsrainiior gum 
tn^acaotb arc df*«olT<d ia 
Bofficicnt water to make four 
fiqnid eunueaof nucUnge; 30 
^h\i\9 piJvorl3L«'l gnjtt benfoln are th*n dlwolved In tbe i^iiiiillfjd piJAlbto 
qiaantily at aplrliA of wine; llic two Boltilions arotbcn oiled in anortaTi 
wiLb enoiigli pehericfd and tiffed bcecbwood ebarcoal to fonn a plaeilo 
maea — a Irttle aofter tbeu pill maa* is generalTj made. Cjlinder«, (Voro 
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.^ of in iaob Uifok And 3 ^r i incbcjt loei^, miit roll«d oat of thU moat, 
I*r itfj piiulle preaaurtt. ttiwl ilrieU ibtt'Iy. Ttiisiti tjlSiuier*, fihm 
illvd, coatiDQc lo Wrti i>r tticfaftclrvs niih % pototod ttad; Uio coaJ u 
bj iMlding it bt ibo end ol tho crock, ft&d (InwiAg It ilowJj, wiib- 
preuar«, In lh« detind ^.lEn^i^tiua. It In vri^ll lu miuk lli« r!frcL.nton 
rkfcli tbc ctfti.k I» lo tak^^. witli chnfk or iitk ; tJic CL>fk] mibl be fn^tiLi'^^iUj 
id oAil blo^ra, aa tbo tooliciif motion of the ^Inst eitinj-nblioH It 
rbera ib«7 an in roniacc Wlien the enclt Bpproficb«t vltbin a Ith'? of 
10 »tftrtitijc*pci!iitr it ^iU fijlloir the coal no longer, nnfl ih« rcjl maU bif 

EOt oir. 

WhoQ lb« glus 1« not already cro^kod, a cTEtck eda^ ^qn-jrall^ be niftdc 
[bj notrbing Ibe cilp; tvUb n Dlu, nrid Ihi-n boMtng tbn <i.<}il, krpt In Uvitlj 
)& bf bloving upob il, A|;aui3t tba ootcb. A thin <7)icdtir of 
moj tbnabii cut into a Epirnl ribbon, trbkh la tolenblj »laeti^ In 
umo TAjr picoM of anr Kbnpo may bo cut oat of flat ^ool Tkc iou- 
IqiulJLles ulijL'UtiTU left oa ihc ctlgc uf Lhe j^Ijub urn/ be rtrruuvtij nilU tbu 
»|ivr cGierj-vbcol, or b^ jrrindb^ on Aaadatoaa; lh« suioDor oucs con 
rtmoved «ith a fiJc, Enowtoac^d with rctinoDH oil of lurpontbc, or o 
•otstton ofctLniphor \ii L1t^pl■uEiT)t^ TjIuIv piw!r*-i iiitij eully be brokt<zL ott 
vilb a pair of (lat uippcre, a[jd rjund platen ma/ be cut oat of wbdovr 
Id Ibis woj. 
[1^] OlAW-blOWlng, — ScanDcly any operation fa more rrecjueiill^ 
lOCK'V^Mjy ibafi Li1<>^\ii>^ >;liu»; iukI iikillful workmen nro oolj tu be found 
lorifo towtjo. Kvco vht-u a |;]uJta■blov'<^^ Is quite ucat a,i botid, it b Ter7 
fBcODT«iit«ai to call la bla auliCaace oa nv&ry «Iiglit occaaloa, ani floni« 
dfxtrrii; In ihh nti U tborrfbrn IndUpmiiiiUlc, 

[l&] Conatruction of theWast-table.— Iti!Jd^il^al>lfl ubaro 

if possible^ a acpar&Ic tahlij Tor this pur|)';ito ; but If iMa he nai posalblo, 

ibo irholv npparatDi mtty he arrongi^d In a hot, nlncU t^n he placed on 

low tflbla during u^e, and uft4'r^vafdA reoiuvcd. Tlie IjuHows yliouM 

made lo H»c T(^rlically, ao nn to contain more ^ni, and both tho 

,'Vppvr and lower pnrU buic a tmf^to fuld. ^vbjcb ma}' bo luadL^ of vrooil 

[JToitbcr pari rvijulm nioro ibun two InL-bes pla}'; it U txrtier to In- 

■^crmiw tbv blaal bj lucrowdoir tho anrfiuc* nbich need not in any cmo 

Qstccd IJ or 2 t<itiiirc ftct- -Mors wdplit h ri'tiulrcd, hi proportion, 

to oblniu tb« fame pressure ^Uti a greAfi?r EUfface; but bellows which 

FflTlloillj, f-«. juvo no biittfc In the np^wr pnrt. hnic an uiHlcad/ 

[votion when they riao high, capocially wben Ibc cbcvku are mtkdc culitul/ 

[•f bHUbcc; ib«y ny^ulre (lien to work in gulden nliich U verv Inoon- 

LTttlcnL 

The fblloiring directioiia artj giTt^u. in CM*i il ahouU bo uccc^ary to con- 
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Atmct sucrli Ik bellows for m^\ ptlt. Thn middle bocirJ, Hf;. 12, U muda 
rtf tiatf-incb mii^. from If to S I«oi lou|c, untl ouu fo^^t u^ilti^ U liA« ttro 
iu|u(irc ojNTiiJn)?:^ Tor ific ralvci, [,*o Eivhir^ bnjf, oit« Inch irfilp, itnd naa 
iocii oparL It is better to hart ino tnlreB tluui «iic of double the *ubc> 




fil tot of the lotijc ^c#^ A boTc, a, onc-qanrtcr incb ^'dc and one inch 
deop» t« mod^ cona(;t?itn>? with ft wide opening, &, lu Ibe top of tl« board, 
tarf>^MT«rFipp1|kp. Thr honrd is coTdrwl on l>olb dilct nltli 4ioiir, pnpcr 
or old pAfchmenL The imlvoi ftre roftdc of vtoihJ. b little tliLckcr thiui tbo 
oomblned tlilokaen of tlie ?heeb when rolded top;«lbor, bo tlmt ihty wjn 
btprwnddoinibjtlifttopboflrd, w1i«nib«bfllloviih3iiM[niiii^. inKtoad 
ot a riarcle boiinl. tbv iuIvua mnj br mudv of plri[H(. our-half an iiirli widc> 
ULCked do^c to^ttW^ vifjon tbo talve loAtbcr; odi warpic^: is thud pre- 
venlcd- The vnlr?4 cxfond hntr an inch b«^ond the opnnm^r all nround, 
ex4-'9pL on iht^ hiD^ ladT*. and nrv fncvd with n plm^e r>f t1iri*]><Vin, ^Inod 
on with the bair flldouulwArvl, Thcj muAlbuprcaaedbetvoeu boards, and 
left to dry, po thflt the Icathof moy rrmntn smooth, Thff knihor prr>ject9 
ou 006 tide, (d icrv« u a hin^e, FlfC- 13 thowt mch n vaira, aftd<) of 




eltpl, In podUoD. The vaiwa ar* prvvonted Trom Haiti^ ll^h Moof^h to 
lUl OT«r> bflclnrard, bjr a narrov sirip of Tenthef, whTrrh ladst not be trmg 
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iD«Brb tofaQ oiui^r theT«!T«, TbccheeluAre best node cf thin baocdit. 
coTtrcd with pn|wr or pft«i«boiird, and bo a^jvatod Ihnt, wh«i) cl 
Uw eomen do not vomt (|oiti> to^tlier, ns U »mii tn fl^, 1 3, Thiay are 
coaiifctcd bj jiteeu of vbocii^iu, iflm^ on t>jr llii; Henh nldi^; the comer 
atripfl mcft tic wide toouicti to tlJow the cbccrk^ to i>pcn frocfy. Tho 
clifcLi orv ronnortcd in the ama way, villi Iht middle and ^'jut bonrdi, 
Bird it IB B*!l lu L'otmpct ttic iwu laiti-r I>jr slript uf IcuUilt, lu prevt-iit tlie 
cht«l« from »ptndlnjc to quite Uidr full extent 

Th« tiMtom koard U nttdo * little nnolkr thnn tho top booid, t9 
ftflurd room for the IvinFfo- The choekn of the lower part »rw bv»t mad* 
oT 0tri|i« uf ]^uu(l Luir IrAlhi^r, Itru iuchra vvidt-, utiilvd tu ibu boiijds* otid 
jotntd bt the odjcix l>/ flniQ^ on LfliTOw «irip« of tho MLino TIlc Icwaf ; 
Tatv«ft tro exftclly limtlar to ttiuiio nlrcndy drDciibtd. If th^ helt^Wfl con 
bo bud ttrnn ni\ or^jn-)m1Mvr, li it l>vti<?r nut lo BUecDEkt to mvlc one ki 
homc> Flic- 14 fhotts UiQ l>eUcnv« expanded. 

J^. II. 




Th« table fboold bo 
ihfi-r f«t bifb, ai^d Ihc 
bcUovH kiinjc iiuiu'.'^i' 
at«lf b«neath the (np, 
HI Uut tbtrc mil bo 
A|>nc« onoti^h fcr the 
opvrator^ tr^i, hclow 
it Th« tnp hi4 u 
U>d^ projecting one- 
qunrtcr of bn inoh nH 
nr<inad, fig 16. Tin? 
billom b VFOT-licd cither by & !«Tcr foi^tcncd to ttie tublo and connociodj 
byairlrovithftaHfTiip. or hyneordfflftl'JBed ton projociion on tho lowef ' 
board, aod paMlog upward ort r a pulley, to ilii ;ttjrni]i win?. Tbe b&llowa 
iA ilid Itito a gfootc cut, ou lh« Inner side of tb« cuafa;, wd ft«cnr«d by 
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a scrvw. Tlui lop of tho inble niaKl b« fior«w«d fut la lb« caidiiLr, flit It 
htu tt> npUrc ouji nf the; Kidei. I^hr ronlr-Ji] tediI tif tbn wiiul iiipu itt 

atuck into tli« 4i<»lo in th« diddle 
boaM, so UinCitoui be inclinod 1o tlio 
Ublo at Boj angle. Thu leugtb of 
tiie pipiA i3p(>L'(u3ti i>TL ibv li«igljL of tbe 
Ibii]|>, It \a Torr coHTcnlcnt lo bote 
a TToodfEn rod projo^titi^ abooi an iqc'Ii 
fkb&TB Iltn inblc.npon vbkli uTie of the 
two iJlUt*. fi^'. 16- i» fasLeord hj a blmi- 
tna: wTCT.ia oir^cr to hold thonowlo in 
a fixed pMiUon. The Ubio nifty 1m 
uftcle ft llille w(der tb»n tbo 1ioUo«r«, 
to ftdxDit • ■niftll dmwot to bold tbo 
&ecaHkrf inBtracDvoifi, 
Tbe prHstire wqnJml fnr rIo**- 
bloviDjc, ifilb n amalJ exit pipe, in nhont 1J cunctii tc the nquort inch. 
An old iron plato i« tho most GonrcuieDt wdf?1it V*>t larjcor op^ratiouii, 
ftlt're lh*f pxil pip^r It wirlor, ihe prt^ure raa^i be lni?r«4icd ; in thU rns^, 
tbo bcllovva la ulwqjra kept fUIl, naJ any rcquiruil prcuura ttfplieJ \iy Uitj 
fooL 

[30] Tho L&mp.—TLIs 18 nftdo of lEent^i Irec. narrow in tho dtroc- 
tTon of ctip bluKl, »ntl the wb^k wt near Ihn rtid. U i« IhiI io IIe 1i wlih 
« tnbc, io trhSch a lolid wk-k can be iB^rc^'ud up wid <iowu, Gt'p^, IT uud 18. 
Th« to^e mott of contJC be sMt, lo Admit tic cfl, Tbe movement of tho 
trij*t Tb c4fv4icU tery timply, %f u: ubtjwu iu fijff, 10 and 20. u-boro tho 




iriek is JOMTtcd ta tlic cellar, a, ihe Atcin of irhicb piuKC cut Ibrovgh 
the KlH in tho luH G?* i^J' Tbrongb this ttom. vrbtch u of tin, th« d<«p 
threaded imw. r, d, pasftca. Tro stri|>s of tiu, seUeroJ to tit; tube. 
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fbmUh the poiau of lapfiort t<iT tho H<rrc«', Mid aq txcfiTmlioo » laadQ in 
llbe ia.h\K 10 receive the p^ft cf the tube ^rhicli jirojecU belov the Ump. 
tTblx adniila of ft longtr wVck, without iiltcwin;; tb« o\\ to nink luj low. a« 
'It mult ia A dc«p Ump. If a Utile hr>lo fic mode Id Ihc lidc of the hcAd 

of tho wrev, (t eui be uvilj ^nd rupiJIj iuni«<l by mfioiiA of a pin or 

vtra, wbn it gtowi bot 
A dutpU *rruks:«iiiciil of ibc loap i« shown in liiri> 21 and S3, when 

Ibe wick It mtTt\f Ifiid io a lobe, kdU b prcvimtod from bamiTtjr loo hr 

bftck bj th« pLftl«, Ag, 33, vrbich U pnsbed forwtM on tho top of ibn 

luup, lowont Uh! wbk. 



/^■J. 22. 
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It i» wl) to place t\w Ijinip on a ebect of tin aboat ft foot flquara. 
ined op ftt tlic cdf^ci ; ii narfn the tabic from Mag bumcii. lU one ]» 
ItB ffoap«lM to Uy tlosvn Lot pki<ro« <!r iflaai, 
[2!] on In aaeil n* ib^ rombnitibT'^f nnd 
C&nQOt it<ll b<? repWvd by ftHythlii^ «Uc, 
[vbea * hot fltmo lk tv^qmrnl. Tht? wick b 
ttiKift of rotion, loosely IwiMed log«lhCT, 
For the pyUiidrVftl wickn, lakn i.hn wl*^Jttt 
vovtfa for srgatid buracm, ntiO fill thctn 
Iviih loofttly IwlaUd oottoii. 

WbvQ Q very hot l^re is i]<*eded, it i* ft 
lod plftn Id Auinn a r^iiincl pWn of liepcb- 
cool^ bctvccn four wJre^. atut-k [ii & 
mtd, fi|^. 31. vritb lh« crowrv townrd tbtr 
10; th(» rndinol boat of (bi* burnifi^' l'uuI 
tbtf rBTi-Tt vrry ^rrnt.ly. Tar the 
to naaou, it U not i^od to turn tbc wick 
bajt tb«operfttor, Mmi itt tho ffamo pnu orer tho hiuip, upi^rt Irom the 
laeonTfTnieoi^e of torli a po^ltlcin, 

Ott wtieo cxpcjRcd for wmc time lo tho ftlr, hnrotDcs rr«inouN, which 

iftke* its Qfc very inf^DDvcDieat for the phyaicitcL vhc often do«9 not 

lire bin Inop Tor iii9ntti» to^tb«r- in tht'^ <*a«e, the epSrit-laiap, v:lib 

a lliick ronod wick^ Ik profcrnblo- If tb# wick he mAilt* nboai f fncli 
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t^lck, it tflbrda eufflcrtf Dt bent lo Iwud lir^ frliui mbet, blow lb«TinoiB«t«r 
IjuU)». etc,, irftpcciaUf with Ibv alU ^jftUt^ pieL^e urcUbrcuiilJuBl rueuU<jUf^< 
A bm^ivrKlHlflaMi-'flmiit^ht, like; the ariTiinLnniniA h mvTt rfTci^tiTC Uiaa 
lh# <:(>uirn<jii ipiriL-kmji, Tli*s notalo ii I'lUod bj & vork lo Ihi^ iuTjcr !«!>♦, 
ami %\wi fluno driiaii iip T«rilc«lly. Tli^ m»v^ b4<tw«^n I.W cfllfid«ni 
^houlJ l)c large «notifi-h lo rct-civc wvcral cjlmdTkal wi«ki, £lt«d one 
within lU* i>tlior. 

[J*J] Tho no£/l«ma9i Iw LJto*^ Hum widtf lu t^ie cltiur, utd contraotetl 
ixtnuj^i the cnil. nlirirr it luay lio clui^l liy a tmaW \Ai\X^, \u \he iTilddlv uf 
w|jk-l] an cvpcrlurp t^f bored ThU alimilf] he 1 lo I J miUimdcr* in ilmiu* 
Dier. Aud Th^ ft ftroiig blast \i rm^uirr^J. may hft ae. m\iv an li luittiaiulFn, 

fig S.^. AVIioii It U r*q[iTre<I tg beflt only 
a nuAll »pol, A smaller noat?. wlilt nu' 
npi-rturc i to 1 rotllimctcr wlclt?, C^-' &G. ii 
rwca^ait, uiii ii ftiLck oti ihv ]nrg<^r ona. 
DoIIl ii|i<iu1ci lir linnl Holilrroil, [Noxxlis 
mnili? fif bioirl ^iiLAJi :abe> draira out fiL« nt 
U»« end, na!iW(ir ^'cfy voll. only tlio^ arv ZinMo 
to l^rcnk, 0(id muv hi frrciiicjitl/ mupwoil, — 
jyuHK-] TbLMiriinI ^lijie luhj lit- uf lead. It 
ia cotittbJi^i^tp but uot acnttfinrf. to lia^« ft 
Btoji-Ctnk lu Uiv lulw, bf whifh thp rtr^nffUi 
of ibp IjIrtBi cap hi? ropdaitd at pli^itmro. 

AilhiMvkdcQjiiucornii ^jiMamp Ja uevirr 
impf^llcd M'orf? lUf Llkitt. but a ytivi aXwAfi 
biiva-i u\i)surd, M<klir \ctu\s Uio nir Hrvt, h\ a 
Ijeiit t<jp[iL-r tijhi^. llimii^b thick jiLft uf the 
1|[UU0> Btf AH lu bluvr Ijut ibT iiilJ iho (louitf, 
aod ihvd obtaliia a uiucb bJfcbor tioau 

[:i:i} niuTninnimR jriu U 111*; luoit cou- 

vrTiii'nu^iniiliu^itUi' fur b-lii« hlovriug, a*liic 

Qitnit tui;rlMC04U|jIeloljrCvJiUc1]«dVjaAtop- 

vock, aoTor fimokc«, ind roqqirot 

Fi^. J8, no irhnmioff. Tbo only cbwigia 

iii'L-rwury. in in llie bunuT, A 

butu«r vUli All nnnular Haoo is 

lr«fitp Viff^ 21 fLoevh a T«rtical 

eerlion c-f srich n biirnfrr, hnir ihn 

aaTural vtu, uud fljf. SHi a vc^tlnn tbmagli tlii: Iiuck m n, o //. It cuii.iUt^ 

of two iwtiv: k tube, n ^, «:r««>:dai a tuto aa ontcf tobo wbkli h cctuuecccd 

irithliie^apipos m n aado7>ftrdvodi«k3ti>£ii|>portlh« pli^e a6, Berra- 
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fpl ofi ttivlr fHffft^. «n ihn ibp a^a mnv IToir orir. anlfiinnly nil nroiiTitl tlii« 
inxr.jui k Uiu ari^Lind liurncnL TIjc oalor idW Ik enla-r^?^ fttc, aadfitH 
fli^blt^ over the libks vz i ontl r? p, no that the f^ can oiiL^ paev tbroaich 
oponln^ The tpao» between ih«»lde«t>f tlieivotnlicsntt'i^ month, 
not be widnr tlinn tennt { in j of » mltllmnl^r. It ihuulJ be mnth 
tni kcu at BnU a"^ onUrjfr?iI b^ w'nndii^i; th< cruU of ih« lahct. uclJI 
'Uw opfrniiffc is Itcj^ t-uoiij|;h tu il^liwr, under the <li(DtaUho'l preA>ar4s in 
tho di^jtlinii, nA mndt giu nn tbo fi!r from the Mlown nxn eomplelvljr hnvu. 
iVfaen ibe Inndlc in irorknl mIuhIv, Thr (liimu U Ituttcs^ wfiou it buniA 
^Uoff. Tho ntop-f'x-k i«nt'H to rucnlalc tliv fiow <>r s:^*, Th<? burner i« 
ccencvtod iviih ttia gias p1|i« bj tho B;re«-^ap ■;, whEfb Altov* It to ti« 
Snr!ifiLHl t4^ lh« tuHv al aiij;' rLt|Uired Kn^le. Tbi- rnu*! ■:uifvonfenl ilfri^c- 
'tioa of the lltfiuf Tur mu^t ijper&tijrB. 1^ a Kltk^ lucliDCil npirard. bat vittny 

Tbo wind it Ecd ihrt>afl*i a k*ud pipe, upoti wliidi fctiiw /"»'?. ■_>!» 
[Duulei Dr vuriDan wuJibd <?iiu bu scrtr^rd, Tig. 23. Wiik- 
Iperturos imi'^l l« trj^n I lo ^ ccntimctcrA bcbitiil tiir 
^•portan for tho jinf, but tlio linot aoxck-i fnr itiurLU 
pobiiMl lUinei mIiodTU be pa«bei] up oenrTf xn the end tif ihe tabr fi b, 

Tbu Ijurutfr r^ab Hul dirvrltj ou iht taUr, but -jir a bimrj nljuut nn 
iiwh thicl;, which proJoclJi i^vor tbo odsc «f lli« Icblc* I'ijj^. 311, 31^ 
iUd S3 «hovr tbo bunaT, bUd tbe r^ouaeclJoDs In Dian : »nd fig, liS, ttw 
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[A vfffj BHil mil] (uri^i-dlpiiL Hftil-lBcnp, an tlila prEDfflpI*, in m<d«b> HiifMv, 
Paal«tt- T^a inliA* >lM<i npcin n rod, oh vhlah th^y i-ut l>o I^hoJ al an/ baiKlit, 

:^tb. lu «Llrb tt may ba Iicdl«i1 Ijy a k,(ijri['thtnp Th* nhnvf* Iiirr>p lh n]«o idmIc 
llfltT 4 mo'llfit^ T«iH«rDi, 141 Ht lu tiring intg Hm«c 4irdiUlkii«oiif]/ an aatemttktgc 
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wMe Uoir'pi[>c Ublt, viih ihe btu pipe^. [If tUo cooiDecUaiis be made 
wiih elutxu tubju)f, wtiicli U lULicEi i7[iu[Lt]ur ibjiu tha JoInU doteribed. tfa< 
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lible mtj be iiidT«4 fron iU plftcc — TVonA.] Tba vtnd pipe fr<)^> ^n 
ttic laiddif board of the bellows to Xh^ Hock wbloh flii|i|i4>ru lla bunivr, 
bnd Ui<? Uei1(> loaJ t^bet wtiicli cerry th« iiouI^h ftro fn^f^nui In thk huartl, 

[2t] Th6 Soliplle,— >If one U rjot iHipuvHl to iut^nr ilic cxpi^asi: 
cf a rc^almr hUmt %p{\tLtuXa9, tlic eollpite, aliowu tu 1i^. 34, ia half th« 
ft4tml tUe, nllJ ftriaw«r mimj purpMM, 
ftnd van b* main ai maall •xpen«t 1^ uij 
ordirmrj ooppvrHDitli. It conEtiirij of a 
Clip with doable sUm I the«xtfrr1or cvltu- 
d«r, vEikb ts oloMd &fr tight, Is AtUd with 
wnk vplrlu of w1t]i<, (40 la 50 pfc cent,) 
tliroogk tbo opcfiiciBr ■!* whicb f« cIoh^^I 
vltb A oork; tfao Inuor cjlincJcr la lllk<J 
inp to tbA lavcl of tho Jc^t aUh itronjc 
tpjnCa. Tlie Utter m igutledp vthidi 
CAuMd tha spMla within 1o boil rlolentlr. &a<l the rapor, e»ri»piii|: throufb 
Ifae toba b, tt^TM L vcr7 bot Qamc. Tb« irner cylinder laaj t»D oloAod by 
ft tigdtlj fitlTngtoTtr, 

[35] The Boidvriii^ luap uf thu ticiiers in more coartjnEtfnl, becftuxo 
ibc parts can bt Kptrutcd and kept la bcuor order^ aud Ibo fiumo ii 
horlionur Fig, 35 npretonu one, |- or J ttie oatunl «lx4- Tho i^h^at- 
Iron cjllnder M X but ftii iron ring nuliltrvid to 
tbc bottom, lo Buvkthfl proper po«itiou of tlie 
eptrit'lftmp ^ near tho top iff a row of email 
ItoUfl. 04 the top of th^ c}'Uniter ik ict a 
nrong rap mwli^ df ln.mmi^r«l tiiirtnl, wMrh 
buL QD o|irumg for Kpiritf^ ctuneiJ hj a atrvvr or 
fork, aai ft beol tolio. A dli h mode In tb« 
Wk of ibo ojrltndot fgr tho roc«pt1oi) of Ihe 
tnbp, and a iiifRrlnu K|uirr< Infl npnn tn tlic 
fk-oat fur the exit of the flame. The end of 
the tiilie, which hu au aperture 1 milltmetct 
iri4e, r^ftch^? nenrly to ihr finmf of tbn lamp, 
liQjf wttj htttwtfpii the wii:k kTid iUh btiltum at 
jtbft cup 6. Thii cup U ahuvu ta Grp 86. If 
opncdog be clotcii trKb a cork, it will ^ervo 

ft Mitf'TftlTt. I hflTO, bowoTcr, n^vnr hoard 
if the eiptodon of «nc'h a lamp, though thoj fir« 

La in the hondfl of reiy carvloM workmcft* 
^Tho Ininp u fiUtid ia the ^auio way ftj? Ibe lotL 

[2&] The oqIt other app^raluR not^i^Eicnry for gln« blowiiig Iti h poJr 
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n^ Kh&rp H^iffore for irlmmliig <h« nlek, a ttire?>cnm«ivd English dl« fur 
ctttti[>(( kIcu» iLibcft, A pvlr «r flat tjlleri with i^arrovjEiwi, «iid aodqc atnall 
iron rods, 

[S7] Th«» mode of PuviHig olF gluii tuboft bqiJ rotiN liaa alrendy b*ea 
ilrAorlbnrl In f IT- 

[^8] Tlic i?Iai» fthanM be fn the fonn of tubcA, An4 cart )ibi>a]ii bt 
toh^a to wkrl ftttch el* arti of uairomi IbiuUtioaj. fru'i? froui HlHa? ftnd 
A'liris. (iliuioorlAlniijg l«a<l hlioiild b« ri>Jeol«d \i pc-iKSIilu, for though 
CftwiT fuiwd, h h m\n lo liT»nl;ori frum ihc n-flmTiJon of cljt lertd- Tlia 
Frcnrli mxU glaM b tapcciallr addfil(.Hl to gla^Q bl'iniiif^ bcinj; crijlly 
fi]«ihl«, and fr4<« from Jt^ad, f>uiublc ghe^ inai; he oh^a&i)t<(I Tri^UL a[ai>>4t 
nil}- Jrnlpr in alu-rninJ it|i|--nnitnft h ninj lip filDicrirnl In ^nr™!, ihat 
all soTfa cf irliua bectriac, bj conliniml hcatlrif^ crjAlnlline and IvM 
fnaiblfl. 

[2^jj ThL* fint rcf^QiEiro la gla» bloiving, U to obtain » good flaiu», and 
lliv eupmiiiviit^r mny lit- a»an^ ttint ha cnn ilr> ndthiufT itiitll iHIk 1ft 
act-ua)plj!^hed> Aa tlui d'^peotJ^ upon the movctnctit cf tlic tioEde, » 
hair'K'fjrciadtli cither waj, if, iu. IJko the whole art <<f glnes b1i>witig, a 
umlEfT ouly lit be nbtAine^l b}- pm^'tW; lint lhi> f.>3I<>wmff dirc^ftioii* 
mujr H:rvu aa u guulo- Thir wick ttbould bti numd^ tut tm lu kItv a 
done S or 4 Incboi hfgh, and fiopnnUtd with tl« aclnora Ent« two 
partfi, «o D« to I^avo n posMifta for the air ihroaph tb« aIuld]1^- It 
muat then b« iriiamviT pL-rfei'llT flat ami oil projtt.'liii^', niggnl ilipriida 
caJtfolly raoDOMd. Tbc noulv l» iuaerleil a litlle below tbc IctcI <^r ih« 
wkkf Wnccn the tvro parli;; it mnit prefect a ithort diataoco intu the 
Jlinie for n 4^uk't, j>ointe'l Uheuv. niid be druvvii buok about ft tlne^ wh«n a 
Who nmriDif llaini- ih rripJrcil 

[HnHii;? oacc ohtaiiK^d n leood Hamc. the jfr^atoat c&ra ahould be tah«ti 
not tci cliaiige, in th« »1igliTj>n dvgr^e. ih(^ retuliva ^riiion of iho [lOflCdtlo 
finrlilii^bimp — -Trow ] Th<^tliunnkhonMbrH(rrrtr^i)mth«TnlLlll«apvard 
ihan duwnuard; it ihimM burn with a fikinT. bine li^ht, dcfoilt ao aoot. 
und he over Ia^u iuchu^ in kai^ih. Whon latg^i ulijcc^ti arc to to baat«d 
iLDtfiiroily. a Itri^EL^I) rk^arlaj; flAmo U reclaim), whl<:^h In obtaliieil by pltclfiK 
ihr }n n lUltc brhim) ihi* vsU'^. 

Th* arliu* miul be pcrffL-tlv ffcc fruni myifflurv i Urcatbrng inta ibe Inbe* 
Iv^roMlha^uv beat«d miu.ithcivforobacnrQi'ctilj ELVoid^d. Tbo c<}a4l«awd 
niulvtitn!, coming mto conUd iHih a li[(^hly biMiIt<d upcil. I> Lvru Ui cra^k 
llio sUatL Tbe gTum abonld b« bdd abjul { tbt Ivu^th of ttic (Uiae frum 
tba ndoki Ur^D auil lluck pii>i^« an^ a^'t w dauip Er«addon]y heated; tbe; 
ihonM tlirroFrjro \>t Arrt nflrniod m Ibo flaiuu wiihout blowing at all, nad 
then v«fj |rnii]bally tittift'd y-iwtf ihig snot i^ ihTrkoAU During the healing, 
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,'lh* glciw miiitt htt conunnlly lunini!, Tlmt ^l mftv Iw htmiAd on nil ^Mk 

Wtti biin:!^ to turn holh onil4 with oqi»nl raplility, othtinrliO It vill b« 
■tviftM hitd a KpTril fiirm, m soon it« \l bi^^irm tJi nnf^rn, Wh^n thfl 
ftpeimlicm ta Gui&Iihi), the l^Ii&m lautil tJiiL tm iriLbilrjinn IVmn tli« Hmnc tua 
saddenlr, dto ft Is a|?t to rmck> c--?pecSHl),«r wWii ii U of Imjrtitar itf^k^ 
ftcff. [It w • K^od plna to allow it i^ twcomc tbii'klj c^ovcr^d wiLh >oot. 
vtilHi prot«ct«fl fWihi T.he rooltn^actiiriiiuf tlii»tlr — IVaju] Whun Ivo 
I'diffi'nnt kludfi of ^tus h^ro been foaeil loirttber, tb« vrork ^h^taIIt 
l-crae^ in Ptpitc oT oil prccoutioa ; It li tborofon be«t to loDcp llio (lifTcr- 
tnt Mm wpfinto^ 
[30] On}f UioM uperatToTjK caii be ilenvrPiLMt hf re whicli iX'L-tir fr^inuml^ 
«rc tbc b««f» or dl otUra Thv m«VlDf: of ^piedal Af^pftrATiiMuch a« 
rw, Hc., ihi^uM be Joft lo ih« proftJiJioiiti! f^Uu-Mowor Thi* 
'Inllottln^ Dp«inl!on« find plsco hfie; (ft) w^ldenin^ ami rNniirnriTnp tlie 
end of taW; <6) drawinff out tad ihickcoinir jtIam; (c) 4«A]ijiir the mdn 
nbM; (rf) bcndiDf? tubo<; (^) btoTinR ba]b>i; [/) joiainf^ Xxthvik 
iDio apod&t openlJona will he in^nMonod in ihelr proper pUco«, 
(d) Glus* mfiet, mh^n cut ofT. liAve a filmrp piIh:^ vhkU U npt to cut 
II«i|ff:r, Ami m owily ^'''^'^^^^ T^^* crtrernt vnd U thcrerorc heated 
*i|h n fK>iiit«d tfumt, till the enJifc fubi'i round, l<y vthMi uIbo the opt-niJi^ 
b ape to conlriKt a lluic*, vMoh je nn ndv(itiliitr« vhtm thf* inh» \n to h« 
paneil tliro»>:h n riirk. THIk n|>rTrttion i:iin bt' pprfunnH an ihin tubtw. 
lOTrr iht dame of tb« apirlthmpH v-iih ibe moulh t)lL>W'pj]iij, IT Iho 
of the 0|Wn1n(K is r*»qni™d t'^ rflmnin imcdnnffi^d, of to ho peilnrpffd, it 
imt lie wlnmHl/ lipnti-d while? inrninH" ripidTy. unJ ilnrrd ciuLvtnrd wiiii nn 
rod. nbiltf aISIJ to the llrune ; It is then allovred ro fthrSnk a^abi to ibo 
ilnd «lio, turnlu^ mpldly all tho wblle. 

■tniwn <]ul tbiLi, b^ bi>1Jiu^ thi-rn hiiriioiiT»11y vihh br^lh UaiiJh, and 

lop a raitMdi^rabk Irromlib while inmlrii: rai>ldly ; tb« k^u« U then 

»»od frciti ttrt Pfltna ocd drnwn f>iit. mddenly. 

When Iho ^\ttin Ih rt^ry tbin. Ft. tboald be i^xftohvi] tn n very hi^h heiit, 

t-ind ittloveil to abrrnk. hy nhhh ihe bortr btTuim-^ smAller, tud Ibc jflaM 

?kor; It nft7 th«n ho dmwn oat to a 6no point, and vlilL b« tolerably 

To thicken Iho ^Uat tt anyone «pol. uflhoiiv dlmfnf^Titn^ tie 

6t itio tnhe, ibe two erjd* thikt he jri^nTly pn-^AOjl inpfilbiT whilr thw 

h toll. Mtd tlt« tiibc blown ont ^o its ontrinal the. ThU rcTiuirei ft 

bml end the tube niti«t be turui^d cotjatautlr. 

{f} To *lo«e ibp wl of n mbe, *t 1« hfaturt, and ihn rfdas prFuod 

istllicr «rith a gtus rod ^ Ibo rod U Ibcn titfttod nUo, and Mtaek to lit 
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end. of the tnlio, an4 Ul« vxotrffa c»r giflfls dnwn <tat In tb« flajav to o Sn« 
threwl. It nmy tw nwewftry t^^i repeat llii» ti*<i or three ilmvv^ befure lli« 
i»ccn of gloea in remowJ. TIil* oiiJ ia ibfu blowu out touod. before lh# 
gloMlt thickctLfid too much, and tbcn Tvh^fttod U> ihic\i<in it^ and blown 
out to tli(' prap«r ctxe. [A Icnob of tbiekviud gliuK, onts! ronn»l on the 
flod uftliti lubu, (Tiui uulv ljt< remuvt*d bj drawing ll oT wiLh a L'losa rud.-^ 
?Vajt«.] Wbvn the ttibo U to be cut cfV nnd tbon clo^d, draw it out to m 
pciut at tbu ]ir'>iwr ptncxr^ and treat it ai juit di^cribod^ CitpiUary tubvti 
("Jin bu rbweil \ry limply lieatiuf^ iim end. J 

(d) Be-tiilkn^ fu6t-a b an operation of conttaht occurrt^acC' T!«n tul>eu 
anj be bflnt in tbo Oiuno of a spirit iLUop, A well btnt tub« mu»t baiw 
both liinbc In tbft nina pIaD«, and be neJtbOT wrinkled on tho conr-nTi*, norl 
flniuncd on lite conT^x cJdo. Thi» U bcfii avoided by beodinjc tbv tnlw Ea 
a prradnol cnrrQ, mitcad of u iihArp itnglc. Tho iumde of tbi^ t^nrro jiboaU 
U« kept bi>t1«(it AbT flatttiiiud plBiXitj mny be blown oul at^tLiu. To bend 
Urge nibeHi fltl ib^m wUb KAnd, nnd hrnt fbrm ov«fr n rban'onl Arn, i 

(r) Slowing hulbt. Before blowing n bnlb on the end of n tube, tbo ' 
i;lau ui»t be tliickcD^d at tbo fcpot. It h easier to do tbid before tbv tobo 
U ont off, and with wide tubw It miifit alwars Xm done ftr»f ^ thir tnbe 1a 
tbnu dravn niit^ anil iho end clutuid- TIii^ i^Ieub niuat hv n±tni»mtj from ihn 
flnine before pr««Btnff tLo aula to^otbor to ibkkcn It, bixauso tbb cannot i 
bo dODO irhito tamlDfc the tnbo, nnd if iL trorc hrld utill, it vonld b« boatod'! 
iiQH|ua1Ij. If tlic glJiJtt bu too b^^tity lirnUd. It U npL to wrinkle; It li'' 
tbfirvforc 1«ltor to rtfpeL^l tbo o|jemLLi>u &« rrritl lliuta, batlcf; Iblckeoed 
tbo glass for ft short disianco, to s^ over it tf^am and opiin, until a pear- , 
shapod a(*i^umulat|j>n of glw 1« formed A goud buJb eou ntfvrr tit< blown | 
oil g)usH whkAi iH oiiL^ wrlukli^d, EMMH.^n In Ijic. 37. Niirrow 
tubr^ muy bo cloned bj Mmplj heating; ihcoi hiAlilr, and 
blowing; fT^ntly into thorn froia liiuo to itioiv tu prvvent thoivJ 
tlo^tug up too far from i>ie tnd. Very nnrrov Inbee artti 
»omelIuc^» closed ai boib rnd\ nud irarmml flijihtly tbroagb- ' 
ont their whole len^tbH that iho okpuuhil^q of Iht^ tneloEKd 
air may fc«ep tb&m from closing dnrlog tho prncpit of thick- 
ening. 

Wbfin Ihc g-lois JH ibitk etoui^b, bring ii to a white beat i 
whiic mnitfjg rapbilyj Iti^ii tiLko the end in tbe motitb, bold 
i1l« tube doirnnrard ntid blew f^L-at]j into St, contjiming tbe 
rotation. In tbU way the nuu of glau will be more uiiifuriulji Jlbirlbutcd. 
lle^t tb« glaii ugnin and blow It ont to Ibe required sue, ^otly at fim, 
and nith mote foKO ojt tb« glaisi cooli. If Tlie opernior blawi loo foivU't 
Uj at firKl, tbo bulb in apt to awell out bo large a^ lo Womc lerj thia^.j 
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mhI liaT*t. Tbc film of friAM foroivd In tbi« v^y oftim exUibiu ;f«nion't 
rUff« b«»uUrtiU;-. Tim pp*r»ntioT) will probably l>e tcp^illnonE In th^ 
licigtBntn^ for tJie l«inter nHl not ubIalD b«at «iiou]fH (■> blow t3io balh 
CTcn to th« TV<iairDJ «ti^ 

To blow tfc* Jprpc boUw mentioned In the experimfolH wtih ihn fll^ 
punp, [dm fl^. l^T,J tftVe n tnhe 1} to 3 lln^n tn dljimnter, and, afLrr 
tbickctking. dr&w it <>iil at boili cniLi, ni^ lii flff- 38^ Then t\'>*t one eud 
a^nd liiow out the bulb verr tbtiK Ailer cooIihf^* hold die Bid* 
In IW Hamo to llAll«n It, tnrl then ilmv out thf tobc very ftno 
clan In tin- bulb, juk) riii it olT Wlirn tlif- bntb {% qn\it cuoj, 
jiitroduco thiA point into ih« pomtcU Etdfa^H mm3 mbI it qufcUy 
without vamiinif tbo butb, to m to expand tfac IncloHcd air. 
Ql&u bouiliv unr iDBTiat^d in thtt Mmo n-mj, exr-rfii thut ih^y 
an: left ronatJ, «ud after cattioj: iheia off. ilipr me litlil h a 
pair <>f tonjpi n»dc of Ibiu wire, flg. 3!>, Lcatcd pretty li]};kljv 
but not enoaRib to luften th« frlotft 
and lh« fio* y»uti xlttM «reiilnl ^_^^^ ^T?, 81*. 

For bulb* Kith n hook, mirb u ^^^ 
■re n«ed in «xp«nni«nU on ipm^tfie 
grtTt^. [*« % 140.] the gifws 
VtQsttMBBada Uilckcr, to give Ihem ^ ^ ^ 
itrength. The neck bctv^ea tb? 

bulb And ibe lube ni»nl not l>e drnwn oot at oqc^q, but iir»l |^ 
>]]ow«il to Hkrlnk and tbli^kcn. lu illn tti fonn tbt^ hook. After 
Ae neok ia cut cfl^ K U hi-al^d And bent into n book* witb an 
Iron ro:! or & pair of *ma\\ pliers. 

(/) 7b Joiri ^uif' titlfft, lh« vnd« of bnth muAt ho tnrule of thv anno 
me by nidcning the nurn^w one, or eoutraciiiig the nlJer. Their i<dgc« 
be OT*n, aorl tit toK«theT v^lh Hold tJie edges together, na itliovu 
$g^ 40^ and heat tfacm vrith n 

liated flnniv. WHien ihey nra ^- 40. 

[ted ftl) ATound, beet Ibe Joint 
Ifclg^ly end hlow f^ntly in at one 
rnd to iittll oai the Juhit a littU- 

hen heal ll agielti until xhn bAollInjf »jiuk» In; Uotv h out uifulu, and 
ftpMt this proccw nntil th« jontt i« aiaoothf ond both piccus well fuxcd 
Eftto eocb other. Coninurl it lin^ly to the proper eixo, and drew ii out, 
or thicken fl [f ni^icvh^nry, Withoitt ihE^ n-pfnted heeling and blowfug 
out, the tub» arc opt w cmek nt (he joint upon cooling. 

{$) Op&nwfj ttuiijs and tvbt^a. It h often oecobMry to moke an open 
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img in Uic ftido uf « Inlb or tube, m In f>g. il. To eff^irt Utiv, hi 
ft ibfrrnrmei^r talie ami stick tt to th« glut, then bcHl the spot ntodfr- 
aldj mid ilriw II oai to n ]iuE»l Brfrak ofT lltU |io1a( am] rmiid Uir 
fdgoji irith d pomled (lame. Kc^olatc ihe 
Biso of ib« opcmki; viih oa Iron rod, uid 

IhreaiJ of iflftM nix'und it TMm ina/ bo done 
bj mikicf; n »]ctidcT poonted red red hot, 
Attftcbinff tho poiut to Ihe 0dg« «f iho gU«, 
hOBtlDgThf pun n*ii thp jtainU nud ^rwlnally 
iliuhinjE H out to athrc£L4. <ThK-bbbid around 
tb«edfro. UmurartDrwnnUfaotPorv tliuroufcbly 
oaitM u^iEti ilu Klge. Jcflnd of dTWlng oot 
tlie liulb with n rodn tbr hpol mny lie hniird 
yillli a I'ototcd finiar, ftmJ il ^ntnll knot) blown 
4)Dt Upon it; repeat thia tL-vcrul tfirit'i, uuU et 
lonji^th bloir it out a^j auildcTtlj a4 to bant It- 
IT the bulh or intw h to fiHve oiil/ a fin« opi^nintc In Olo >ldo. ibf fpat 
lOBj Ijo liotiteil nUU tbo potutod flam*', and btint irt one©, nnd tbft opcniQ^ 
iiib«cqii4^rTt]T moiHriRrl hj htiiXxn^ il, if merely mi opcblDji; ie tioedod, 
■Itbont au #k*raU*d unrj^rn, the hole may be horprl nii rijwrribrd !fi f Ifl, 
or will] a <li-iJiii»(ii!, If t^c v^»'^ *H' 'bEck rimiiffh. 

C>'Jt] Cattlns glass ^ith a diatnoad rvqairta onlj a llltlo pft-nioO 
In Judging ut nbul fliHTanod l>oirt th« rule thvi crnck vr\]\ bo mnde, which 
dnpi-nds fill Ibr uiitEn^ 4if ihe lUfimond. A Htmn ml ix lurniBipained 
by nu tcrnt^bin^ R>>i»f , nni niakct tto rEd^s du»t^ 

[32] Etching glass. — The fxptrScuciitor hna fref]U4*iii (kco^Ioii to 
irtch ]trale«, 4?ir. on ftiiiif. Ttief ("annat bo drtne i^nnlly nllh a dlftmotul, 
aad the glnm iv, innn^ovi^r, njkt to bri^nk at thtf ibvnirb. (tliiw in prE?[>nred 
fur •tcbini; by briii^ (.-JcnEii'd with l.ir(\ mid tbt^n uitli purv iffuur. tud 
dried vrith n linvn cloth. It u ihon coriared n'iih a ikm eoat of viuc. 
mdtod null iipplb^d ii> the titrated ti]T>e wlctt a ft^utlifr. Kap<<e1a) enra 
muat be tabtb to Icbtc uti part uDcorrrvd^ The ruiki»h uttd by tho 
coppcr-platc ciiffmvcTf i.t n boLtcr rnnUnii:. It In aiikdo of ^ parU whila 
WBX, 1 pttrt mOJifi;, ^ part ftiphajtum, and t part tiir[»enthie» kept melted 
Ipt ftboat (laff tin Fmur, in u clean unrtlii^n pot. lu Allow thv liu^mrilE&i l» 
■■Iwldt-. ami Ibij upper pflrt then pi>urcd ir^i<^ irnUT, A hall -jf Iht i^tn* 
podtlon, a« Jnrgc u an rfr;^, it wmppcd in n iitk rn^, ntid the henK'd 
rnUMlwUti U. When ilieTamlKb itiojid, TboK^Hle Ui^rrai^livd through 
with Ik Bt«G] iiccii}?. Ttt fradLidtion mAjbc vflectcd on « grAdnath 
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machine, or, in the ^sence of thU, tbe operator maj make a ECale on a 
strip of paper, pasted on wood. With a stick, 3 to 3 feet long, he then 
makes a sort of diriders, bj driTing two meedlea through the opposite 
ends, fastens the scale and the glass to be graduated at a saitable distance 
from each other ia a straight line, and, setting the point of one needle on 
one of the dirisionB, scratches throngh the vamiah with the other needle; 
and so proceeds from one division to another, taking care to lay bare the 
glass at every stroke. The figures are easily added. Powdered flnor- 
spar Is then laid in a leadea troagh of proper length, and moistened with 
an eqnal weight of oil of vitriol. The graduated glass Is laid immediately 
iin it, or suspended at a distance of abont 3 inches above iL The vapors 
are conQned by paper laid over the apparatus. The apparatns must be 
placed under a chimney with a good draught, so that the vapors may be 
carried away from the operator, /or Ihey are very injurious. Although 
tbe gas will be evoked at tbe ordinary temperature of the air, it takes 
place very slowly; it Is therefore better to warm tbo trough gently. The 
icale is allowed to remain in the white vapors until the glistening divisions 
appear dull, (about three minntes.) a^er which tbe coating is removed by 
wanning the glass, and wiping it with paper and a little spirits of tur- 
pentine. 





[S3] Coppor and brass. —Th(i«o motah nowJ Hp^ciol trvaimoiit 
only whtfu ibtj urn required lo be T*ry »i>ft or Tcrj liaiil. lu Ihu flrrt 
Ctfte, tliej have oul;' lo be livrKltd lo reduv«>. Coultug t1jt!ui tii water. 

inrteod of bcinlcrLinK 1^^"^ <^ it ^"^^ ^ti^l cii^lf malice ihcia saft«r; it 
looftciit tb& icalo of oxjdo morooTCTt eipocklly from tfoppor^ and giron & 
bright iiiHalli<' snrrace. 

Tli«M inouls are Imrdoncd by bniamcrliig. nud xorj frood iiprlnits tMf 
bo rnndp of (hvia id Ihip war. Wire maj bo hardened by clriwbK jl a few 
tlmea ihroogli the t^tnliig-plaEe. Tbe exptfririieut^r vill bav« ^ofreqoent 
occulon to drev vlr< for rarioui ])LirixiHOB» that il v\l\ be ftdrlnbb to 

[3i] XJrawlQK wire*— Tbo proyosa of dmnhig wife Sa teryeimple, 
Tbii dmving-plain In hold in thn virn belvenn ^IaIpa nf roppi^r, nnd attoitt 
a& inch of the «nd of the nirc ia Hied ininl] rnoaRlk to pnu through tbe 
next Amalkr bolu. Tiio wire is fn'^'Ascdn mid ib<3 projtctiai^ cnii tvavd 
with tbo pliers aiii drawn slowiy ibraiig-L. An«r puling tlirniigh leTcrnl 
boIcBi, iho wire hcnomefi lATd, nud miiHt bo annealed before ilravrln^ It 

[85] Iron and StOOL— St«cl la, like irlasa, % more or [cm &1a«ti& 
body aoconlUig lo LU :r«flimcm. To make Rt4ol as Imrd (w gTiits hrai it 
lo bHgbl rvi^DCM if it be Gormaii jticul, and plaiiKC it tuddt-idy into vcrj 
cold water: caAI'tdeel shouU bi? hoated only to a cberry reii, and suddenly 
cooled. T^e 8caIo of niu^ucllo oxyde wkdch forma io tin's proc^iaa oogUt 
to drop off ntid kntc the metal hrij^lil} Inil 'ho Bird muy nfill bt- bnnl, 
•Ten if tbi» doi-t uol Ukkc place, Lon^ pieces of «teel are apt to warp 
Id thia proccifl, aa»d nuAt be ground aflrr^'nrdn, to bring thorn lo propor 
ibape. Th« flurcut, Ihoaffh not &n InfuUJbkv mt^am to proiNjnt wiir|dii^, 
be to immrn*Tf llic pietc Huddc^tilv, iriili iu luiigeU diEueit^iuii jrt.'i-|fefi- 
dlcttbr lo tlio frater, It le difficoH to harden hrgc. Arid exi^tcially lonp; 
pieccib bccamat^ it rc<|aiTCR a Tery largo fira to heat them natforml^ through* 
out, Thi'^lE pli'L'ev urp &pt to vnvk cr break cdT in bafdeaiiig. This [« 
beat obijttled by pluiJi^Iag ihem iu vntor at 133° F., which makcn Ihtm 
hard ea^ugb. 
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It h iddon DMauary to mftke sb^l us lionl ud j^'Iilbh, s^) u to Im IriLdc, 

bm it ik not itL our pt^vcr to tcmpi^T It f^roporly at once. Tho TCctAl 

bathii whkfi K» prHciib«iI r>r lhi« puvpow innj corE«inty bo dbp<*ai(td 

iritlL On ihe other liafiil, bowever itef^l nbir^h 1m« ti<*pn riitidu verf 

h«nl mvf cohIj bo softened 1o nnj rcr|iilrtd doirrcc, hj chanhg: lU 

mrCue. ond Icatiui; it until it (usamcti bdcmmItoIj yelloWf puTp](.% bhic, 

Aftd gny Ilnt4. Cure miiia bo lak^D ro beat 1l unlfonnljr; pE^oo4 wh^oh 

■IV tob« mode r<|ii[iily bonl tliroiixhoat mnsi^ tbrrororc, not ^w h^ld En 

ibe toiiK)v bat bcbtcd on a irnj. Tools of ol] kitidii, for cuttini; metal, 

Amid onJj be altowed to fjecome jtllow; ifietrumenU Tor cnUiufr vf^oA, 

wltMhaTriLlhh rdffp, piirpU rrtl; tprtofni wbTr^h \iJkTpi nr>t murh inotli^n, 

Slue; rery large springs, e^<^J. spring* which nro rtqairci lo hftTe 

noch niotioa, arebanit vitb |jToaeo» i.^. tb^jaru raljbed wElh |T«&ac*DDd 

tK>i«d antU It hnrnitr A-ftfrr whii^b thoy arc, litcc all tho net, plun^f0i(3 Into 

eold water 
DrE1bt> tnrtiiDg irfaUela, tic. arc I«ft4 Mabte xo break vrhon hardened (m\j 

Mof tlw uilge. Wbvu ihn tool U »j> hlinpcii ibat it cannot bo groiiiid, 
tbo tA$^ fhoiild be eoolcd tnl. and tlto ht^iit ulbwcd to difftue lUelf front 
tbe otbcr pirt tiniil tbenlgo baa the rtgbi temper; the whole loci '» then 
plunged Inio val«r, 

Cast-otcd lc<K!!t Ita rake vhtu bvated bcjri>nd a bright chorry red, and 
chauoi be fnqiKiLtly expowd, eT^ii t^ a much tf>wcr tuuiperatura, without 
if^ury. S(m1 which bac boon spoiled In thin vnj mity l>o r^f^en^ratAd b^ 
baating It U> dark rci^noH, and coallnjc it iti a miiture of turpentliifl, 
tallow, and fifth oil, caettod tot^ther- Iltptnlcd couKop In bollbg vrater 
to lold 10 have 1h« enme elToct: tbif?k pieOTi mmi aJways be traatod 
fVpiatfldlj- Ric^qI n^TtirnlLil In IIih wuy in linrOi.'n«l lu niind. 

Steel and Lren hara ofteu to be made rcry aoA> wUicb iti done by bcat- 
itf and allowinjo: Ihem to cool iloirly uoder a covoririf; ot cbart-oaL 
Irfin may htt contvd with oUy, and heiilod- !( bccoinca eittrcmdy Foft by 
lipjug bcutcd in miy tci^cI. [i[id<--r a tirvt-r of haiimu'r iralti>(. 

[30] Tool making.— MnkEnic tooU b certainly not th« bualnea 
(rllbor of Iho teacher or of tho amut«ur^ and il is olvaya botlor t<i bay 
<ach tbiuga. If powlMp, iban to itin)ii^ tljvin But umr^ng the moKt tudio* 
pennbla tools are aoinc which It h oftcrt Impijs^Iblu to ubLatn. uud the 
UCpcrisacntor matt tbcnfore make thorn hironoir, or fcnd frcquontlr to 
life cotkr, and often take to him large pfei^ei or apparntai. Somo 
general (ilr^'ilouM for t^ii^Jr rnmkitfjirrtiirc will rhirrrr^re b« In place beru. 

[OT] Screw toolt.— A |>hitc for cutting atTcws ha« already been 
■eotloQffd In S ^, « ooo of the most nocoeaary tooU Som« Upa for 
entilng 1nU!!rnal M:r««» generally oi^compauy it, but tb<7 an; aaually too 
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ftbon, ADd of Utile ut«. It » tliurcToK better to mak« at oQce n niimher 
of tairK li> lult thi; tbrvad oF lUe pluUv The ainall curl of each aboa 
be a Utile k<M ia >JXi: than Uic Iriri^r rn^ f^f llir ncul nnnltcr ooc. Tl]« 
tapi ouglit Dot to bfl too tapuriug; ihoj' wctrU ballii ncd &fv not ho a|il 
wLntak off whirii aeqirl; orttu.' sutii« ibickut^tH tbrou^lioat^ Thft intTmal 
«crfwicut ftleo be cm more cj/UjulrtcuL Slcudcr iil|« «boiild not bo nwde 
loo lonff; ftix tinea Ihc fl^nmctcr ia a ^ooH Lcnfcth, ntiiJ m thiA dUtsneft 
iJiii dEAineu*r ihould iucreavL* bj- the ilopth uf a ihrturl. Jt in oommon lo 
mnLr the Tint iMnl more tupertiig; tliari lliu tc?<t. At lliv ihlckfrr ted tli« 
thread U cut ano; tutl ilic IidaJ luad^ M|uaK, to olTofii a hrtlcr hold for 
tW Ijitiul vk<ij» 

Whoii the ihTeatI cf tbc ttp U oeulj out, remore the rotif^lmea^ with 
ioioflth nb, hihI tbon flulth citlUn^ the ibnwl. File bwnj tlin tfirend 
Idiu sideti, except near tbe point, to ((ire the tap u b«ttor bold at tb# 
•urt Touper thoni elroTv yo'lovr, aud Uu« ilio hc^d sppEimtotj'. 

Tu VMi an Inu'rnnl iutpw clftan lo thn timtUTn, whvn It. tU>fx not g 
tbroagb the iiut> roqtiirc* a cjrlliLdrical top with few ttims, l-'i^. 4d abo 

Fig. it. 



,h*^l 




AfUr n AcroW'ptalo \s honghx, the litsl thinx done with it nhould b« 

rnntv tnpt ckMiffncd to c^t ooir dice wheu the old oni-a nro worn (rut, nil 

i]»t'd fur iJ(> oilicr purptiae. TU**iiB tup^ otijfbL proticrl>. in e»-red 

tbtckucH lliG ftcrowfc cut liy [Uc plate by twi>;G the dcptU of a thread, b 

thia b noi r\i^UUy adhQ^;d lo, for ih<] pruportion Uiwccn th« duun«ter 

ft fCTCv Aud the deplli aud llijckuvu of the thread lunj' i ur/ wfthtii ivi 

limits, wTihuui tviid^nug tht sifew uhuIijww A avruw jb, buwvtrr. jcw 

cnllr UHclcw wbon tbo dcplb of tha ItircAr^ ii n>>t nt hoRl cqdnl to Ite 

thickncu, mfld when tho ratio of ih« oxtcruol diuiuL-lcr ttj ttio inlenml ia 

li-v< thun v^2: 1; fur Lit Uiix chho the tbrenit t^aiiuoi Ijo GIm) 

I^iff^ i'-i. Away ou four b'nh^ of Lhu luji. and cuaMMjiicutlj it CAanolW 

^^^k mod. 1» ty» ctLsc^, tljc doptb i>f tlic thread i»u.bout 4 ofllto 

^^^^^ diaiiioter uf liio icrcw, imd, «?xetf|(t iit i[>«L'iiLl oa«ea, it U 

^■^ 4i;f0lo^uiiiltir J, uherotht^HcrL'w liniiniivri.iM^rdonbIi-«tr« 

U» beor. On lariTc itiatOiint;^, ac-fcffn will be foiiiid whcrfi the ratio h 1 i>r 

Um esternftl dianteter; for Kiieli ciuciiv the ttirctMk ctf the tup Diiurt 

Oir, as (ifu>vn fai d^ i3 ood 44. 
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Tbo rcforre Upa aro mulo cyliadrlcol, 4ad the llir«ads an Dot filed 
itvaf «t (be vid«i, Iral f^r cpimt Krao^tj* arv cat in Umta, a^ Ao«a io fiff- 




4&. Tli«; nrc tafn«rl off OD twi> polntiL, to thai fhey cah bo [lul In ihe 
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Iniil'Ulli'liVn'inlH 



Thb >iiaiiil«nl or ^t^rrwt tap serrr'4 to insikA tvM> nthtir Bcrew uiols. 
vfiicb it i» nuiv iq Imj; bgt U is rcry conreuicnt to have thorn wttli the 
mat ltoc*d od thepbtvr Thceic uru Ihc chaar^n. ouorurcntlinj^uitvrujil, 
nd ih« oth«r for fnlvmal ncrewa. ¥'igA. A'& ftitil 47 lilio^' j\ ]m]r of th»fl« 

iT xha mtm t^HJS can be ^'^- ^*>^ _ f^i?- *'- 

DHci for nllln^ Ihom on the 

bdW Sixeh ioi>)« «Tr T«FV 

ccnreoinit, liecA u«e vvitb 

them, tlkroR^ 0*11 bo <iQt 

npidlj, vUhout reiaorjDir iJ?o 

vurVfrooi tlielHthti.ani witU- 

out n0»rd to ih* thirknMi 

of tliQ cjilndcr. Tbi! aiNjut- 

airj «ki1l ti «4«ily ui^qiilrvd, 

«fcfi Willi n Inlho not Tur- 

niilkod with icuulc*, iT the pre- 

nntUtn b tak^a ti> ii» & itMl 

nipport [lulowl nf onn moiintcd wUti wtiad, which Ia otbsrvfw bettar for 

tarainff mHals, 

['s) cuttlnR oxtoimol and Internal Sorows la a aimpi^ 

Op4ntton. ^■^■^ tljf> fnmior, rjirp miitr Iw* lakrn to glvp iIip ''/Ilnd*'!' Unrely 
tb* r^tiJrcd diiUQiTirr, r:ir Llm v^rnv ciibu^iis a liuk\ mid lu bold tlic pUte 
At nicbt ac^toi ta Tb« axii of tbc tylimkr. IT this b« a lUtla llik-bcr 
than tli^ b<i1« Iq i1l« t^la1<'« ll doox no jfruM harm. Tlio plalir muvi b« 
Inne^d iJ^iivly at inits nat] ftrv-unl on iiif^aililv n:ii.il iiur Umi k n.iin- 
pWted, eVse il nuiy cut u taUac tlirouJ. Tbe iiitenia] ncrflwa muul be bored 
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one tar vnongh t/> luimlt 3 or I tnmit of the tAp, wtAith h ib«n sicnw 
iqIo the bole with ft moderate prcKHarc. In both cjuet. it i« neceiMTy 
dimlnieh tho fncUon i» the purl or ItiP oiTUw ■li'«4Mly formoJ by taming 
bopl^nrord vnd fitrwrLrd, In culling the etXf>tj\A\ scrrtrj cnm U noL^i^ii'iLrj 
nob to tvist loo TuniMj, nUt n idt^nilcr tctrw oii^it Iw tttittnl cOl I 
fbnniQK the iDternal ecrcw, £t U necj^nary lo bore aI loat from ihe oppt>- 
kiie lido in order 10 inraro QTiiformit7 in ih« thrend ; t^ut thii U not tioi>o4- 
Bury tf Wm tiiTVftd I* ttiniod off for a ttfficleTit dikUfii^e f^om ih© li>{> 
tie Inp a^ml Ibc u^t is uol loo IhlcL 

In caiUiiff AcroTfi on iron aad copper, oil muA bo plontifiJIj cmidoycd. 
Bnui 1^ out dry. 

6i.'rc»s with br«iid bnus ttoida ira nflc^a iieuinl. For Uits headii 

th&!c, n ei^nut pieca maj be cut ont^ s htut p 

/^£T. 4^- ^n^ filed foiiod, or n iibk cut off from d cyliuder, Th» 

bRm^^^^ head la thcu pierced, and ilie iii&nk turned or nt#d 

dova w ftft to Ell Uj^ittljf in tbti liulv, drlreu ia nith 

a hflDnncr and voldercd villi 

lb t/ ►' 



'/i 



tin. The portioti [a. li 
4^] pruji^ctluit bcjond the 
bend t.cvtcn to 6x It in tho 
laibc, or 08 & hold for tbe tIcq 
to mtLfn^ ibr MTi'w; it [e nt 
lut nicd uiT, and Ibv bcoj] 
cithir fijiiflhfd with file or 
on tliQi lollie. Th* hondt nro 
^upridly Til Ulr^.vrh jell in dimis 
niUi ft milling totil. 

[:it»] Metal drills nrq 
lnld^> of e(«t^tt*nl, wbtob a 
be buuifbl of ftitj bi^v. T 
•mftUcr ones arc raiidc of 
ronnd «1v«l, nud htEitmervJ 
bnuuJ ut. itio end. Tho ^d^ 
taiiH out to ft poiftt. «o rid to 
be Mt exncUr on any di-alrod 
tpoi, Thooih^rpmllfliiqnnrpd 
to Ut 3nto tlie bundle or Ibo 
chock of Uie tftthe. fig, 48 
thovi a drill, with nbonitho 
propAr jda^w fur t)iH edge. 
Tlie smftller dnll)», fur boloa 
of 1 millimeter and under. 
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in mot lued in tho lathe, bnt tct ta a hiuifflQ, coch lu U tbowo ia 
Ig. dOrftnil toni&d hj mcfttM of a vbaU-bociL* t>i>w, fig. 6L, itie co<nl of 
whkli nak«« onir turn anand the wboel n, TLo point b U 8et In a ili^;>nj«- 
■ioii in tbe rice, the piect Co be bored prcMc<t jmcuuiI the linll with tlio 
hf\ bflblt Aud the bow iDor«it up aad down viihoui proAiurv. Tbe h«Dd 
mi]>£ bfi ptnttcUKi frrm bnlr^ vnnnHcd. hj a plPrt* of wont hpM oppnaTte 
the point of iho dfil]. Tbir laoku tbc edge of ibc bole nTnootlier than 
irboo Um drill U ailov^d to bnak ihronjzU. L&r^ drQIa ara made or 
mnil or m|ilsjo *t««l hanunorcd brood nt thv 4>nd, The rdg<i li bt^roled 
bi ofipoidtfl dirtDtJQiw on cseh idde of tbr ccnier, k hwh iti fig. i}3, m ux 



iVjr.52. 



i\>. 6«. 




/t>. 54. 



[to bftf« AQ obTligae cdgv b0lc«d of a pomL Tbo hole mut be fltorted for 
i«m tritfa ft coairnl dnIL Drills of ntiU Ijvti^ct tazt &rc (uiaalljr made in 
^[M of 6g- &3, The edge Is straighi, and hi« n ebort, 
point la thn midillc. Surit drill* iirr nsnl rhlcSy 
borinc ihollov hoko* 

Is bctfing CO tbo Utbo, tbo drill xnof •itber bo flx«d 
Ibo oback, and tb(< bf^joi^t io be bored prcMrd a^nmtt 
H,Drlhe iH]0\«iW. Tbe lull*?f mokvB rcmndtr ujid more 
■oeoratc holcft Cojit-iron onil brain arc unaolly bored 
^; «ofpef molAened wlib oil 
For d«tp bole*, the feo-cullcd canooii drillh are pre- 
to ft]] other*. Thcj urc mode hy \nunnicr\ni; out 
a pl«ce of ruubd m^cl a Hbaiib of ruflid^mt len^h, 
'loraiug ll>e n^j-l of t]ie f^vUiidpr Jbr(ruratclf ito o liLlb<?^ 
then tlktg iLvajr oQO'balf of it* ond ftblt^pr^Tl]Ilg the 
;tl4iifthom iaflg:^&4. Tho point U not mule in tba mMd^o of th« edga. 

i 
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LnrgEr drflk arfi forged hair round, uid tboi mru^i]. Th^i^ drUls 
rcrf cIcAQ juul AtrmliEM, baL cau ouly ba u^vit vu Ibe laibe wkb the piece 
lo ho htiitd ranotriog. The point not ^iclit^ ip the oiiddb, it !■ ctcaafttj 
lo iiATt ih« bo]», u ie«a in fig. J5, <o tbit tho driit fiu iato it Mcin 
Kbd llin point iloen not cut Rt finL F<rr drill* l«iai ibmn 
liae irid«. thii u Dot P B ct j^ rf, ftcd iht fcry small ocett 

3b« i»«d by bufid nro abapcti ftpproxlnutcl/ ^th a Ele. 
The Heamer, % 5^ U an almoi^t En<5ii^f>»»Utf In- 
atruuioul- ]13 CLfnkal hnml U cut iiLto t^niLcciiinr gro»T»^ 
ftod tbo i-iLiftr& end raast Hi hilo tbo lutbc and tb« dHII 

btLDdI«- 

t[40] Oil]«r tiKjU ATU iMnilj tn«A)K «bon nnv(ll^d. T 
c«&lor drill I3 & oscfal lool; it ift & c^lirder of «t«ol 3 
fncb«i loDg and ^ inch thiok, Hharpaacd ic a foiot at aa 
Anglo of BO'. It ie used for mArlcIoj^ tb« pofniwhf*ro n 
hole u to W burcd, oinj tuukluif a cAvitj la the cndA of 
pie4>es to he turuud, bj vrhich they ore not in tlie lotbo. 
TumJng lools for mecal &ro ooAf 10 uiukv. Oqo «Tid of » 
Iiici:fi i^r rstt-Ktctl h lii\K-v^(i. io ucl it Intd ■ woodco 
Ikondtfl, &Dd tbo vllit^r lilod t« Lho dcdircd »hapc. Cbi^cb f»r turn- 

edge, f. tg. 5T; vbtle itioli aa am 
Intended In l>c nTmdfdr iron, hfttir n 
idiarp«rcdf.'e,ra!ibi«D^likeii, Gg, &S, 
[J1J SoidorinK.— Wa dUtirifZoUb Lard aad volt solder; to the )b^^ 
let lieloLi^ ib« meiiih u«^d for noldF^rlng whl(*b fcKn bt'low n ivd bv«|^^ 
^iidi a;> Till, tiihimt^x »<i>M[:r, (tin ai>d Ind b vntpng proporlioan,) ud tb« 
Ranic vith tlic addition of binmutb. Hard soldor Indades ailvor ^old* 
(«{Iver iLUo;r^'d nlih brau.) wUich maj bt^ hail of rnrlouii df^rot^s of ^1 
Nllry from lie tlUerflmlih, tllrrr rnio, (9 viltfLT to 1 L'ljpjwr) uud vurioal 
funihlo ftlloyn of Kinc and copper, and laitly copper ilaolf TTic lA»t cw^^ 

All julfili vthw.U are fo be tulderc^^ 
must Gt Od bciiootbly a« pi)Mil>]c, and 
both BTiffM;?*! be fl?rapcd clean; they 
matx alMci hv li^ld Ln clote eontaei 
oilfaer by irreppiag them iHth 
Ijltilitiff wire, or boliiioj; tlicni witli n poir ef forccj"* mndo ef sitronK WM 

eg. i* 

If A plec^ fa to be loldi-red Mvtml ikiei, making li nn^Mary lo hi 
tbc old wider a^f&lQ, a softct solder iitu£t be v^ed eacli lioie- 
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only be uai.'d for eo1di.'rii3^ Erou. 
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[42] Soft Sotdering.— A Mldt-riu^ Iruu U uwd for mitl autjerioff. 
'For Mr pnrpon}*, Ik UAcrMj Xhkk, polutcd iron set Iq a nooileii b«t^l« 
la mlBoienu It ii umcU ia tolttoncg pieevi which nro too (arjco to bo 
br*Ud eaifralj, or fo injr ciuv vhera odIj IucaI heat r« require Th» 
.fnm ahcald be linncil b(f(>re it h Qwd. TUIa i^ done bj ntdttcnla^ ll 
iUi iht AoldcriDs Uoid, IwatLUj^ it until n pi«c« of tin laeJu oa it oud 
viplftg H ofT trfih papfir. In nuln^ the Iron^ Ir mnsi he madv ivt;^ hot, 
«ip«d ctcocj, &ail A IliiId m^tJcr Ukeo up ou Uid point of iL The jiffDt 
AM b« atroHB vlth a Uult> powdered ro^ic 

SoklAriDg vitboot tho iron, hj b«ntinx the whclo mvUlt i' a vnrj^ litO' 
pie oper&liiin. Tbn Joinl ii mouloned with t1j« 5i>]L)L-na^ flujti, uriU 
jMAlod with a ^u or spirit (lihrnc, tititil Iho f»<>Mer laid on it malU. Tbc 
[^Idir dmvtf qaiclEty into tho Joial notl Fproadi^ throii|fh it- Th^ excoit, 
if my, li trmptcl away. Any tuUlnring fliiM reniaialiig aiurt b« v¥L[h.h1 
of vrilh to vrfL ul'illi, oUu^rnbv it will ux/ilixn iLv luctii)- 
Tbe beat »oblarb); fluid ia & *olutioa of eol i^cdnioatM, or a luiiture of 
\H of JE^ni? and luamooium inado bj dinoiviojif 33 partA cf niua id 
DlcettnTj ijtiAnlity of tiiunHlit!i m'iil, addlog 92 parUof sul iLniinoiiiti:. 
And evnponLtiiy tbc Holutiou to ilrjru&M. The s&lt !« dCuolTcd lo ii-ftt^r, 
■Aid RU«rod- With thin Anid it ■« hardly nci^OAtary to cIoeui the inrfocca 
to be «ohl«T«d. 

Td HulderEng brfui Mnd t^rj]jprr, tin' Noldcir lioff« f^ron^li iu* khom lui It 
udta. Aod the ?i>I<ir of tht? mci^ ^Itowi when Ehfj^ bent fs kiulucd- Iroa 
to be bcAttd btffbcr Lii?5jrv t!io wider m\] odbtro. When objccti 
ire to be lold&red, tU^rr<rore, vhlch will Tint bc^ar o fcigh h«nt, the SroQ 
tUHi linl he tiancd fi?pATn|rly in the w^hydexrlbcd tor i\iQ toldcdu;; irou. 
[48] For lUird soldering vmoM anidott. aiiter solder or nJfcr 
ib itf be«L Tba 1uti«T k hniMm^rod to n Uiiu plal« &nd cut futo pieces 
lieh bro»il ATkd ^ inch Itin;^- Thif rifd. ia Iiu'^tniiEdirnLhlf ; a i|Li]Lrtnr of 
dodhr ffOM A ion; iTfty ; aoi m«tab n^ldcrcd *rith lilrcrcmi bo hun- 
'''ttcnd Bkd b«Dt without tho JotAt breaking, wbiub ia pot dln^ayEi tUo caM 
vSlfa brtat Aoldor. 

Wh«li UlR Joinbt oro w«U Glt«d together, clciincd, ami fii.iU'nr^l, tlioy 
■TO DwiA^Qed wiUi water, aomo borax itr^wn 0T«r ilicm, th« litJ of auTder 
bid iw thajcifit &nd moro borax iprialElud over lb«in.cr tbabiCn offiolJar 
MM uIiihI ap in cl piiale w!lb bur&x and a liUtu watvr nnd ap|)I)ed w. 
T^e meial i« b^»tcd slowly until the i'orAX cca»«a bo pulT up> tnklo^ care 
ttalA tbo silver rcmainK in its ptu^o. It m oElcudilliniltto roluiti tho eU^'or 
n nnaU Article^ whi^u urdinnr^ borait Is usted^ iu ibia eaA«, [njiTeruiI cuU 
tiaed bura^ la uicd nflliout Wbtcr- 
Accordiag t« the site of this <tbj«ot, the Bkijqv of a Bpirit-laEnp is either 
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dlMctod itniDediatelj itpon it vith n blo«-pJp<^ or tl ii Lud «d ft piece of 
ctereottL ViuTuuuJei] on tlirec nidtn with co«l Mid coTcml vrilh nticjUifT 
plocft. The Oamo or th« Uup h tk«u direclod 
opoa it G&til th« «old«r motu aad ft4h«r«4t 
ftA«r whkh ihi^ Ht^«le, If It coattin no iron, 
lEiLuiclUulf cotjied in irftUr. Prwjlk» iu WHt 
dm; of tho bloir<|>ipG JB or coareo Mbpranblt, 
jL ^ Uu^t-Ump is rorr cotitvuLcnt fi>r toJ- 
derlng. A bariitr \% uu-tl fur (bit parpiMv llko 
tlieooodcKrIliedftH-iriaflH lil^wiug, bitltmnlli-'r; 
it b ihovD of nAtunil bJso b Rga. 60 ftnd 
Tho op«ntng fcr the cncapo of iho gta mi 
«Dly be a Dae illu Tbe bunmr U connwl 
vHb «nj fiM iiipe bj n«ua or ik flexible Iunm. 
Tbc wr pipe k ntnck tif^fcilj into tbo b«ni«rt^i| 
Aikil reftetiei t<> the movtb of it^| 







Fig^^U 




Wltb iLIs burunr* aulTLcivDl btMit^ 
mfe^ b« olilftlncil to Tuav a b«bU va 
copper wiro I lo 1( millitnclcn 
Uil^k, nitbout the ftH of chiurcoal; 
or the flaiue lua; lL>c roducvd U> a 
more pojat, And made to btftr on 
the ■m«lleit spoL Tlio objccti to 
be henteil inaTbe l&hl oo the work* 
bench, and xh« fliaciQ biou^bt to 
bear on thom la aof direction, 

Whea A grfntor heat U f^qotcwl 
than can bs ohlaiiiMl in thin irajr, 
the ftrtielcft to be bcated ma-it be 
laid on wvU i^iitod voaIs to the 
f^rgo '>r a chAn:<>iU fiinuu-e. Th? 
Joint to bo Koldcred aia>t aluajnt 
rcmnm fiwihle. Cue the tluai of 
the forg4 gouliy, and fiut iho coala 
tfffcklf . Iiarifi- ardelcA orn u-itinUj 
linuod. In voldciniig bra«> caro 
toust be taken tliat the ni«Ud Itftolf 
doet Dol p«nUI1y ^*e. ThUfM not 
■0 muolj lo he fcftmi in the cone of 
voppet ood iron. 
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tuning. — CoiomoQ gloA 011I7 ftdbem to fr«lt loffaeat, vUrh 

Idn^fui cement ia worthy or <p«d«l emUgc, bcin^ vntt&blc for c^mcDt- 

ig^ gtan. iLiicl for &1I other purpoaoi vhere & Blvcn^r wmvat 1a Nqulr^dH 

It k pcvpftred bf ctiitln0t RiubIu iifnglniK 10 nhivrln, mnd anakln;; 4 10 ft 

<|)«ti of imukIjui in 100 part.t or^nlcr fcr 24 houn, TIic wiOcr m iben 

[gvotlj boil«d for h^lf an hour, ht'mn fill&d up hb Lt eTapomti't, It U 

Ikfod hot Wlt«a moT« la prvpLnHl than U nii«d, thg ihicknnrtl raEisR 

tts; be ilrivil uti pftpLT, uul butlod lu IwrorD, whi^i] iitmlFd for ntv. 

The uschtr btia. frequeatlj, in preptiriuK dia^rauu. t^. tu ijulilI cpoQ 
jpfkor vbicb in EitmoAt olTajrn wator fipotl?)! I'hin dilflruUT rnftv b4 
ftoMM bj liziug tbp fMper «Itb thiu f^la^wAi«r, iroiiUiutai; a littl» 
A fr>laUoi] <jf :i p&rLA or iaiiricliusa (or 1 parU of the AO'C&U«d 
») Ifid 4 T^itrtH of Dliini, in lOi) pArtJi nf wntor In nnfifc-i^ntly 
litflL Strc'tob tlio poper, mid appiv tbc ■!£« with & bnuh or & lai&ll 

1^ TL18 >QTAure tkboiili] Dtit ii|ijioar glouj after Ihe ^te h dry. 
[45] CommtlltS. — C«mcntfni; tritli AoaliDg-WAi nr nliclljic u ft 
kmoffl op«mUon, Tho former la profoniblv. vlieu tbo tr^tor tb not 
|«rtloiiAli!v^ (U 1>rbg Ii^tfl hrlltln thni] pnTv ttiBlInc, lltf^ pl^iTK to 
coawatod must be wnriDcd no that the cvmcnt vtill melt upQO rbcm. 
both part) am euffidfictlf coatctf, tii«j arc warmoil it^nhi to ruak« 
[Ifei irax <*oh*fi*. If ihvj ar^ pat to^lhi^f whon vary hot, n crncl: may ha 
bj liiL-ir unrqiinl vipuiiKtnti. ThiN prri^iintiiiEi U ricit uivvuj^ 
bat «ba<ild D«var ba ocnltted wh«ti i^l^aa lut^a ara to bfl 
fQlca«ot«d ioto doflo-fittiaf? tnctal nockol^. The t-lo^on niii«tf c>f couno, 
\hb hM in ^ioa until Lhi* renji^nt hnrlf^na, whith ninv, without injurj. ba 
^kMaoad bj tlia applkiitbu of viAivr. Any viccm of cunicni h ifiot- 
[«ud« rouMTod with a. knife. The cloocr the pLOcc£ fit tojcotbor, antl tho 
[JettCMBent Ui«r« It l>«Ivreaa th« joiut, tba lUoagur it will bo. 

li la often necewary to ceEn«int tmiUftic arllrlr« 1i> a ktioiIpti rhiirk, i'> 
li thorn ia tlko lathe- Commoti urahnif -fvax is need for Ihb pQrpoito, uid 
dropped, bnmia^, o& th« vr^od. The artict^j ^s oaAUj L*But4r«<l vliil« tb« 

(«8) 
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wax id ntlll trarca. It li w«1] lo be cflcllotia In turolnfl*. to aTold beatla| 
Uio m«lal so fif to laakt it nctjvtnirj to c«m«nt kt afV^th, 

Tu fkitcii rUith lo niPEiL]) ll U ftoik^d lit a ililiili* Mikllon of ^alld, 
^uccec^ oQl, aai pre^aeJ, aUU mubl, u}f(ju lli« warm cielAl, wbJcb hat— 
bt^eu coaled vrith fc'uc. ^| 

Tlii^ joiuTi of j^ And itoam appanttu, Mi to^i>ihL>r by tttt^t^ inuil 
oHpu b« maOi; aitfuui Ljglit- Tli^ luuchiuibt^s ml-tcud I'truiuiit h tlm b<<Ht 
for IUa |>ar|>o»o. It U mode hj incorporating Ttd-]t«d nnd lllbargo 
Ihoroufrlily- '^i^l^ Imtcod oil, aatjl Xhay fono n don pltitic miuc. It 
■hoiiM br k<:pi umler wuti^r. TUi^ /.'Vtrieni is r«rullly ubluiinifd from iha 
lUbHiiiitf-tLtioim or ^>!i'filkr'fl. PaUjr ttu^wiirs tbv sftTuti puqtube, jf lOOflB 
moch chnik rj not uiwd in it, iniUod ct vhitr-lrad. If tlic part4 arc nol^' 
to bti T«r5 btplJj ht^iilod, o lyrineDt lundr; or incllcd caoutubDiiv ixti<l red- 
lend rjr wliitv-lBi^ Eh very Hmtii^eable. P^rH uliicb nna nuL lo be brnLed 
may b^ mniJc cIom 1ji UvIdr ^IrJp* of Tiikaoiud lubb^i botwc<-L titem. 

{4t;j VarnlsllilLKi—l'bjflicuI a|iparutiu jfhoald t^tsncrolly bo ti 
n1i;h4'1r lioib t\^r Iti bftl^r prcfoiralloTi nn<t for omnra^ni, VaraSih nil 
bowcver, nnX Im apjibcd Vt nvaryihw^. rij^rdnllv' not ttj puru which 
to be friiqu^utlj bandM. Tb« vtiniUh iattuon nibbed of from »tivh place*, 
ftcd thvy look none tbon If tbo; hod booD ko|il oloati, witb<'Ui i-amliibing. 

3f/ih'iiir thr \:arni$h — Tnkn 1 pufi nf flnrlf-hrnkpn fihrllac TO ^ parts 
€f frtrou^ akoUol (9S to 95 per ceul.} iitjiJ let it vUiid in ii mnn |d«ir, 
fltiakin^ it <rfton, until tho »oiulloQ la complele, n^ktcb trill rcqairo uboot.^ „ 
24 hatirx. T\m6 odiliUon of { to -^^ pan of mMiic r^dci^ tbd Taralll0| 
biu briUltf. TbM additioti la itjorv utctviar/ Id biKttt-brd thnn In rTnd« 
tlidlnc- It i^ well to tdko liiilc more Fesio. to muLc tic vnnutb u 
Ibiek M po«*ibla. 

To Alur the varnttih, wbii-h bi oftvc tit^oesiar^. Iitt It nUnd qulctl/, tn 
warai place. uniiJ tbe JQAoluble atid ft]iEii.r matlerv hari^ labAJdcil. lb. 
poor off ttic clear liijuid. and loiter ibo rvst, tiot, throu^li coarao Hltcr 
papvr. Tbv ilimy una fill^n rery vlowly, niid niuil b« coTorad ivitt 
u ^lott plata, t9 rvtttlu tbe beat. Tbe larnf^h hIioiiU It« k<rpt In ft wfde- 
mogUicd bottle, witb tbe bra^li »tuck throunb tbe cork, oo* t\tn tbe bramb 
nul beinubvd out vtiili ol^rutiol nftvr tu&ing it. A Lro«id cnoieU'-bair 
Lrnal: \t nwd Tur appl^hk^ ibt- varnUh, or a [ilet^ of Itoe Bpoiigc fitfonod 
111 a tin UjUtcr, like a bratb, and cut oET f>o 04 lo project oul/ il ftrn liu 
bcjoad tbe I in. 

Coto»d ibtUac virniab, e^pedallj^ a n<i1dl«]i sort called gokl rornuh, 
la neisdnd for *oTnn |>itrpoA«. Tliir i^nlnrln^ rn^iiji may bo dluolted at 
i)Oce irilh tbQ lU-Iloc, but. to ikfoid baTiii^ ao miLDr Tamiab polj itaodiuif 
ab^ata U \a better lo diEsoIre and tiller tbe eoloring roatterf ivpoxatclr, 
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■•4 o&x tboGD with tbe TBrnUh lii required. For our porposoa. a soIqUod 
of guAog* nd tuotlicr of dra^^n'R bl^od nr? aM Ibat aro noedcd. 

To make vnnilih of «eaUng-wni, it ii onlj rien*iH(arj 1o Injr tin etcvaa 
cftodinir-irix in alcobol. Uid. hefoit u&lii^ k, tu i])iak< it up. Bod acftliniE- 
wax umlnKi bftj rdraiuli, ftzid j^ood wu in cxpcti»iTo ; it in Xhcrcfan b«ttoT 
ff/i udd r«nnnft>n directij to a tohitlon of thrltirr, u-itli n g;i>oi1 den) of 
It » well to add tha aume ctul>utialf uf u;&);;ui.'!»1h, wbich doci 
D<it lDJnri> Ihti color mncb, and Rirc* the rcirniih more bodf, 
ftlnck TviiUli lsflIiomedodma«t)in«i; tbU U euily m>4« bjr mixLa; 
kmpbbu-k vrhb a HolatlAn of <h«^Hr. A unlntion of I ]>Arr< lucpbaU 
», la 3 p«rtd ttptrits of luriiciitini?. (ariilihtf n goad block coatini^, 
■4apMl«ttf for objwla wbicb tiro U> bu lioiiEod. TLi< tlouan vamUb «(ote- 
plpci viih thU, hat r,h97 add Unv^^d »U *ad red-lead l» It 

Tar/JiViLn^ tnduU. — In Ttirnhhln^ incUiU. Utr v^irniiib mueit citbtr bv 
■^llod inirD«dmtelj *hoT ttirnin^ or BEing, or tl.ic lltrj raim hv poliflb«d 
Ttlh pQiai««-i^toa« aad wator and tbca «i;h «oieryaiid oil^ taJiia^ carv to 
nake alt tbe utrnLi imrvJlcL Thio mnloi r^tntor work; but Rfor polub< 
'■hg, the artjclcH mual htt waiJicd with mupAud^, And >Tlpi'd Willi a cicau 
fiuo clot^, Tbe artkJ«s t> be raruifibcd should ucvcr be touched ^Hh 
tlie bare liaad. Uofar* appljmg tho VArnijib, All m«t&l( Rhi^ald ho heated 
aver a coal Gre» or un a lieatjsl *ttcKi of ircm, naiil ibo baud mu hudljr 
b« borne opoa thcni, And ttie vnrnibl Ib'Mi a|j|died. 

The brtub ib^Lild bo dipped into tb<? vAmiih, not too dooplj^ a&i) tbe 
■lr(hke« kept jwralle) lu i1l« i(trt<iikii of ibo m^UI ; If ibe Ktrenk l-i wade on 
ft« bUbv, tbc Taruitli nicit slau bo apiiliuil oq the talh^. la rarnintimg 
lirjcc articio), pnwan on tbQ bfimh mait alwovct be tni^roiLtvd riomtv'lkat. 
lovAfd the ead of iha Hir>ke, ta ordt^r to apply th«< varrUh f^rpinl^. Tho 
pittcaa III041 not bd t^iji.'bed tiefore iboy Are (|u]tr i^^jld- Sevrml coain of 
^Actlac raniiiU moj bo applied* cold. Ic mciabi* bat the vambb doc^H not 
attaia tbo »4uie JkardntMB or iuater, and it Lh th&ro^>r0 applied no only 
vbcn It U deMrable (o hnTe a vniy Ibk-k nmt nf vnriilub, i\\ r.g., tin 
clM'IricAl ninirhlnc*, or vbcfc IIitt o^)ri?t cnanut bo warmed AKain* 

Iron ia loldoo) TDrabbcd, aad oaly w\ih blont^hed nhullac; uableochod 
11m my be U8pd for braAf^ aiid coppt^r; it ^iroa tho bra» a darkijr 
Mlor; hilt b1oarh«iI. witb thu afblitiuii of ilie iuIuHajj; matLert! mcntbaod, 
i« prvfenblci. For vrUtte mvtula* tiucb a« lead, oithcr blfAchod iibeUac U 
liaedi or ualvlofichcd, vith ibo Addition of rttka tc give it a gold color. 

Tha UUTW vaml^b lit ntt'd for wtjut), but ft lq applk*d nftcnor and b 
.Uiintier coata. When clogurjcu izi uot an object, but only protocliuiL 
let Bkoialar«,or good laenlAtion, ntifiUcrod tolotios of ifa^llao mvj 
amployed. A ceoond <wat mu»t aot be eppfled l>efore tlio flmt !a dry. 
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II i«Tu Ihti ramuhr to co&t th^ wooJ fint vrjtfa ttiin |flii«. Td ibkI:^ 
UiC viLrriiflli luuk »¥ll, U)0 vwhI inii^l be rutibej, Jiftcrr Llie Hrvi cotit, wKb 
6n« ciucrj paptr, ^'hcti tL« vftiulali fau been laid oa ihicklf, k taAy W 
rub^d niUi Tripoli oa k i^aoka n^^ uhI polwlwd nith tinen and oU.' 
Tho vtj?MS of oD muftt Iw rvtnuvvi] by itT«vlag the tnrrsce with nwol 
wipiDjz It with ft clciw Ibvu cblli, 

Uito Kood maj be Rlaincd tiiit lirowa l>r b <Ulat« Holutlcn of Mpbal- 
tum : iha «<ldiUon of lirugoa'ic blood gi*«» ft laaliogaDj «olor. Slainin; 
witli ultric ncjd duB4 not anstrvr for phytioal pur|>04i^«. 

Pajwr i» rurniftUed in tbc Jiamc w«y m irooJ. but the pDpcr mnrt fiwl 
bo avmdt to prcwor tho lunitdh from Kinking in and Htiiininp Jt^ 

Q1r48 is Tanil^Ued wflrm, whttn otlI^ a ^IngJc fmaEparvntoont lan^cinlnHl; 
but wbcn ADTDttl C0&I4 lire nrmjgil, Umj iDiiJit be nppUc'd coU. 

[4T] Cork* — Qood «oft corlu oru p^freawy for ruionu perpoBd; abd 
QOtblDif Is mora dilGonlt to obUJa, llj pitching 0T«r BOf«ral balos of Am 
i*or1»^ a fhw rffalty gnni) vnot miiy liR fnniLrl CliniDfiHfrniT rorkn, which 
bATO sot bc«a piorccd Bitk the corhivr^w, ore wrviccible for man/ 
purposefl, 

To fit a rofk voll Inia nn fljwninjr, I1 ^bodil fint be cat nttHjr ta the 
tue with ft )J;arp knrfe, trid thi^u ^□i^hed uitli e file. 

CiWjtvfrorffM. — A cbeFhp, bet not recy durnble, cork-borer » mode of a 
lib tnbo ubnnt 3 ieclicn loiifc, tlmmt throaf^h e Ur^o tubo, f^r a bundle, 
fig. G3 Thtf Hfio of the tubi** U no gniduM^l lu to fit Utio «a«h 



iV?, *'>3, 



/^. 03, 



other Ic fic-ti cf 8 or 10, n^ 
»ho«n in fi^r- fiSn The lower 
edgei Are fi]«d Kharp. The 
piece of cork t-iiX jiic rvmnliift 
in the ejUader, oad b pnvhej 
out bj the oe:it iim«ItoF oce, 
A lH*ttAr Kt^lfi of corh-borvrs 
is mode of BimilAr tnbea of 
bruc, Atilng into eoth olhcf, 
but Ihej are mor« cxpeaiiro, 
la order to aakn a r]»lt« 
imootb, di^ofi hole m t cork, it la better to t(^b« & cjlindcr sraiiJIar tb^n 
the hole rrqnlr«rl. i\nd enUrgi' II with n Gue rat^tail Ckv An nA^orttaeal 
of ibeic iJiould bt kept in ihc drawer with Uio cork«, uid und for d<> 
other poipoee. 

TUd iillpit of cork taej be annd ai wash^n, to ueke m kir-ti|ifht Joint 
Siippurtii at ill klndu lumy bn mndc with i^orkit and ^Ituv rod), KiodL on 




PHtaiCAL MANIPULATION. 6T 

£48] Indlfr-rabber. — Tobea of TDlcanized rubber are alroost alwajH 
to be had nov, bat in case of noceadtf the/ ma/ euli/ be made from sheet 
TDbber. For this pnrpoae a strip is cat of the proper width, folded aroand 
ftcoireflpondtDgc/HnderjaDd the fresh edges pressed togetber and rnbbed 
a few times with the finger-nfuL It may sometlmea be necessar/ to warm 
them alightlj. Care must be taken not to touch the fresh aaifaces with 
the fingers- The cylinder is Ihea withdrawn, and the seam more firmly 
united by pressure between the fingers. The tube may be strengthened 
by laying another thickness of India-rubber around it, with the seam on 
the opposite aide. Sach tubes mast be tied aroand the glass tubes, to be 
united. Two tubes may be united by laying aronnd the Joint a strip of 
India-rnbber, abont an inch wide, warmed, and bound fast vith silk ; the 
(bids sUck together of themselTes^ 
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^49] G6DCra1 rdmarkfi. — Tu u:t|it^rimvnU oa ihh aiibJMt, Et ii 
aeeAMftTj to hnin n [ii^mfn.-r of weSfclkts yrilh hot>k4. and of & uqEi not 
too tnifln, io that any qaantily ffom 1 to lOU irolj hv cxprcued b icrtm 
lit thi« unit. Anj inifT iuld tvmlilf nitikt ilktIi wgii^IiU uf hwi, by 
cwliuB tliiA ineUl h\t> pftper tubr«, aim! cutlEn^ off proporiioii&l 
lOQ^lhs. Th& tian'll«« may bo nudo of nmnll broit; rinjr^ with iron »crcwa 
to tbom, which mny be lul »l uoj hardwirc-slort* r lliu fiflnl adJuAtmont 
of the dLTi^rFnt. WFiifflilA may ljb Eanju by mi^mi^ of n Luifi? aiij i-'i>[LriL' Gle- 
ir bffltt be prororrc<l ju tijc maUrial. U woM \tG\rhai>n l>c hcU«r t> par- 
chue the vr«iglit« raiciy inide. Copper ccinii ilk alio v^ry roiivom«Dt for 
ib« piirpotn. aa tbej arc enuil^ i^i^iobEuMi In an/ dL>«1rvil Tiiimbcr Thoj 
maj bo bcJd togclher by a nrinff or wirt pasMd tbroqjfh n hole ia tho 
coater, or bj being Inoloaod io a wire framo or a nsal tin box, StDftil 
meml ho:(w filled wllh shot may nUn Vip eTn[di>yfli1. In all ojuo*. th« 
qunnUtj^ nlinnlil Ixr (^tiun|»0(] iiri ciurh wm;fhL, In (i^nuii ^Ibv actumcd unit. 

Hoitksi the AToif^htJ, :(ercrnl f<ufo-j)&n.i wbooo wcif^hl is accuntdf 
dot«naLa4>d aad narkfid on tbom, wItJ be r>und t«e7 oonfoniont, Tb«lr 
weight jihniiM, If pnnlSir. ht* Iniif^nd pAru of lhf« vt^iintnni unit, 

[50] Tho pATAlloloia^m of forcca. — Amnng the Tarioux 
arran^mcatd for ibo Aiaticnk do(n'>Ti^t ration of IbU tfiw. the oti« tjroeontvd 
In tg^ G4 U flEpAV'Inllj rc4?o«nmondr;d on accouTit of thu sdrnpliclt)* of Itc 
coaMtroclion and Mo re*ilJiivs>i with vihtt'Xi xhv fcrcRi itmj b« mcM< 
ured bj ihs length of llii^ line-. To llic bl<rclc J h fa«t«Dod tho rcct- 
ODffulEV bar a h, whkh U ptoroifd with hoici nt vqunl dUtanceit of about 
a rcrjttinorer or an Iri<'h. Thi- pohil or r»taflnn r rtbonlJ roriii the rum* 
m«nc«mcnt of th« Acrlot- Upon tbr bnr uiotc» Iht ulldo d c, whofl« 
Ienf(thcarTtsJponii»toa wbolcnumbt^r of nnitiof the groduationi it 14 held 
fa ttApbrn hr b pin, and tb« nnuihcrs &r« marked on ibe t«r In such ft SMft* 
C5g) 
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tier tlialtb«ODefle<AmtthcBppero^fl;off of Ihoslido likltcftlMtlu>dbt4DC« 
o F, Th« UiickaDt» of (J f U mch that \\s uilcTior loco u pnmllol to that 
of A, tnJ ilADdi ibe ilLl4.-kii«*4 of one of the ban r&rth«r book. TLo thia 
strifot yi. Fh,m It, f c>,nnf pkrcct] nllh hol^Ji at th« Karoi» iliMj|iL<Nj apart, 
wind ft; thej an fikcffiH^nimibdreiJfrMD their point of rotationn aod mar 
b« eonbiirt^ i&lo • ^nadran^Lur fl^re bf th« ini^rtloa of DDt-beftdod 





«ood«DOriroD |iLQS.a8Ht rft It is b«tter thoiigb net aeoeisAiy, for tbuo 
pln» Ui bare screw* *m tin- <>]>^io*[ic o^trnmUr. TbeMrip* m /i '<^llke«Ue 
C4TTJ pdler^, one uJc of vhicb coiaijidoH witli a line coanccling tho h^tci. 
Iq UMproeectt andsimllaroAMstbe pnlJe^re (^torbaswDodjAhovldbsre 
a i^U^lil rUratbn tovunl tbn rftitirr, ju Ehown En t1iR oitn rnprrf»miO(l of 
iiatiiral ttlxm in tii^. 65, It ia hrM l^^twcru tha atrip qh uuc Mdu and a bit 
of b«ut bnm pinto, K-rowotl to tbu wood, on Ibo otber. The bruitd tnuat 
ftt itulflciemtif doae to the pullcj to provont tbo utriti^ from Jilipplng ofT. 

In trjinsLbeoipeniuisEiL, la!m Ihrccnllk atriu^, and t(u itmm Ion HPtoll 
br«49 tbf ; r*^^ ^"'f> *'f tbcni (tree the |«il3ryj', alloirinK Ihc tbir4 lo bonr 
dova. Cccfftruct a pnTnlUlogrum vt aoy »utf out of tb« four ttHpij wUich 



J 



M 



PHYSICAL RXPSROlL^NtATiarr. 




Fij. ei. 



«ill th«D kftT« iU diogOEtl in ab^ If wet|?bti be now htin^ to ib« endi 
aT thf ihrf« etriogt, corrv>|ionf11ng t(> tbe dUunces c ^ r «» c iC equlll' 
bdum irilUftkcplncc. puul thepoliitofunloaof (lirRlrInhr«wil](xnTe«poad to 
tbo poioltT, rctartimK tcUwhcucTftT dratm away. TJlo small Wjcot^ftin 

fi]1«U vritli oi>iDB will be fouDd 
xtiry rnnnnftfnt tn ib^ ax|tc<i1- 
ment The block J mar ^ 
fM«a«d to k ataud, «r bimpjj 
plA<icii) on ihe odtge of » lAbl«; 
in iha laUft raw, h<fwrrpr, it 
must be licaiilr londcO. 

If ADj uihcr vroigbl tban tbM 
conviipnnilb^ io ibo dFn|ronftl 
be Uhtil for thf^ inkMlf forDO. 
Ibc linot will nol comu to c; 
the slide mft^ lh«a bo noTOd 
until ihU U ibo case, ntirl tha 
w«iKbl will ^fahi corrvnpODd 
to tb« lon|(th of lbi> dlnjroDaL 

WitboDi such n mftohino, two 
puUeji uiuj he Uxvil to n table 
to ory way, ta I& fi|:, G6. *iid 
anj woighU nttochod ti> Uia 
ronl, Hiirl th^n the uiigl*. whicb, 
oecordiu]^ to ihv Iaw, tbf form 
would Diako witti ttvh oth^r, 
iu>Dght ^7 <>oavttuaici{i. If tbia 
figurv, ijniwii tulerH^T}' I'^F^i 
bo bcid bcliFiK) tbc cord», the 
nltpll^ wbifb tlicy tqh-Uc will 
nlivejfl correapood to rhnt of 
tbo fl|tur«. Tbf^ com^ipoodeDCA 
irlU n<]t bi? vxnctly owintc to tht 
iii}avoirJuljt» fri<:tioa. but tbo ciif< 
fi^rrnrr wUI f^ll wltbln the mbdc 
litnita on both lidcx, 

[^1] The kneo-pross.— 

Th« nppljcdtlon of Iba panl- 
l«Tognua of fari^K, In lb* w- 
cftlkd liiwo-pro««,ia&yb« readily 
IBttstnicd by m«uic of thd appftntitt rc^ircaentod in fi^K- 4>T vid flJ^ To 
tbe board Jf iVibo aprl^bl plUar A Bh dttoUnod bjr a M-rew. Up and 




rUrSICAL BX?CR1UE5TAT[0Kh 



down tbit moret the poUoj O uhI tba l«T«r /J7, cftjHible of bdnft IUt«d 
Iff »lidc» nnd c-Uiup mthmil Tlim. in ^aj poiiiloD of li[« kmnr, Uir lernr 
IH aod tlw stHnjr «i of tlia pull«j UAf bo amda to uaumo a bonsoou) 
po$IUa«- Hie stnog u AtlAchod to Ui« 112111 ftt ./J bj maniiM of « Mlrmp, 
If Ui« b^ra A'jDjE>i*iuor« on Hkiv JoLdU vriih itujllclerit freedom and 
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prtcbioa, hg ciut reodllj cftlcalato from tbo vol^fhu in Iho «cal?i-pfta <*, 
and thv proixirtiani of Itio iiac* a D luid i> S, Ihi? UUml forrc D /T, ami 
froTu tbi! levcmstf, UtM weaglit reigttirvd iLt //, mMv 111 tli« expurlruL-uL. 
i>£ irlU Mt Dforly perpflDitlcolarly on IH. Odc of tbo Ji>!nt3 niaHt be 
to Cfinitrartbd Ibat ihfl ban O E O y will be hdqUo ti> piuui bcjood a 
rmiral )>oiiUfoii. AH ihe \nn HtmiiM be mftrlu <rr iron, the vxirvtn3tk<!t 
Mneifbat Hr«>u^cr Ibr tbc Joiou. tho coatrftl jobt bcinjc conKtroctott m 
Aorn in flff, SJ, ta prereni lh« two b*r* tram j^oi"^ paat 1I1& atriiifflil 
Wat Th« hol«4 ftTiil plni. da woll m ftll tba Jotntn. mnsi bo ntnd« ler; 
nouuth, to glrL> tin ftpimnitiM tba proper freiriloni of action, 
The compound ncLiou of iwo f^rcoa maj Uko^riMft be ahowft by It* 



itaahftoeoiu Lmpa^^t of two 
11*17 hnlin npciti n tUlrrI, bII 
of ttie uimc ■ixt. 

[51] Tbe oomposi- 
Uon of uniform forces 
ttty be ]Uu>tnt«d h-f ihv bp> 
pintiLi eboim in dffjt 70 iAcf 
U Jf-Vii aa Qpri^bt boiril, 
viLb ft fu<ji o^. Thv lioiird 
JtS b fmtciicd perpcndica- 
Uitf to if 3; oftd lidd in pinoe 
l^muuof lirohrirkflU,4]&. 
1\m board ia »Ut toi3t;itadi> 



Pig. 10. 
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raTSlC&L E3CrKRt»CNTlTI05. 



DflDjnlong the middle aiiil bas two rabheU on tli4 tipp«mfi]if, ]jariil}iil 
vHth thn flit. To a Mw:k of wood c d foar whccU an ftttaclted, raiiciii>g 
In iho rabbelja oT /f ,V. In *dditioo to Ibc four vb«eb, Ihtro U a j*oXkf 
in lh« block. projActln^ sLghd/ abov* tb« upper (ld«; otpt thu nnd the 
prtltnj^U pwiscd a J^lffuff, r]uln}rd aI tj. antX vtrnjing lh« vmgbt h. If 
the block c c£ biMiov drawu rtlon^ the boinl ii S hytatrtmsot tb« elrUu^c 
pieslD^ 079T the pullcjr <. ibc witiglit h will imutMiiMet; ««cond Along tho 
d1«gOt3«l ^m nflbr parfllMr^gnLtn m nr>p. 
[&S] Th6 incliaod plane. — An ttrrutigciiicnt to cjib^Et Uie Uvj 




of ihouictinf^d pJhci.* t n 'n < iiy uml H'trli iitcb-^ tout eractaeu, 
UTMifred Ai> Uial t1i« rill' ihl^v bc^ mmW. itt arl p«rn11ol eltbor to tJie 
plapc or to iU buM. The inclined pbuiv fliacild be of mctol, onU CAptUe 
of Ixjin^ liiiid bj a cUiop ficnw at any biigle. Tlio cjliudt^r runDiaj; oo 
th« pliTipi m«fft ftleo ho of moul, hftvlng fnr }ilrou the iltel poTnu of two 
Gcrewb fixed in tlic briusframf ah, fiffi. T2 uid T!i The pierce tic /hot 
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on lU tMe 4tru gmdufttion in frootiont of iho hAsm; c / Itkovhn ie 
gmhmlcil rilJMr \a ilp|;rr«fl or m froctiuEiH ur (fac Ir^D^'lh cT iht plniic-- 
Th« bU^r la Uw nor* diffioult to ^\'vh. ^ud in geoentl it b t>«tM to 
c«kiiliilo tlt« conntorpoiw r&i^nirocl from thi> k;iown woifcht of tho c^lindttr, 
sod tbo tnuaglc m n o- If lli« coautervvight act* orcr thtf [lullej g, it 
«iU Iwki tht) L'yliuilbi in eijuililjriaui ut uuy pjiut un Lbf* pliuiv. Wlioii 
It ubi hoverer, our A, orjniltbrlQin viil only exist vpHcn tho ittrin^ {s 
boniontaL Thii Utur pull^v iu carried l)j tbu Lrstt atrip i it, 
flg. 74. Bfirl iDftj l>e fii^d at ftny |»o?^tEan hjr gcTewH, r k. whici), ^^' T^. 
biDV»r«r, viH iLOt effect tliQ rf^iult. In lhi,i ciue. Ihe inclfnci] 
pTinc hM u drt. Uirou^ti vihkh tbo slria^ oon pueL Tbo palloyn 
■r« tum!^ nf vood, with tlc^ndfir n\l^; t sprvpH to support the 
plftoe tn A bofijuut^l ptrtiitLOO, for whicti tbo jillt in widaocd loirnrLl 
g; to pMt OTtfr the policy A. 

f5l] ^ duipler itppivnitan, Ibouj^h qatco lu InitrcictETA, may 
be ttntiti of vuod, tm ibowu iu Af^ T^ uul tfi, j^ af tin- n;Ml lixc 




■Hio two bottfds m^y be oouD^cti^t] by a biu^<>r tJie Jowef one having foot 
*4iltli|; ttttvs, TLe Eudint^l jiUub btii ik iHt in fWnt, to roralrfl tlic 
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rSrnCAL £KrCRl»EKtATlOK. 



yiAky, iiLose &iU ra&U uu lli« udtn of Uw hUi, mid b bvU Ouwd Irjr tva 
pUUsL Tho pulley tauix bo u Itr^ u iMMslbtc, vrithout loochiojc tlic 
l4hto, vh«a tbo tiro bo&rUd «» >bot <ia «uli otb«r. To »4jQvt Ibc appa- 
HkiuH, ne may oiKko uwe of ft |j1n. whUrh cutctit-i i^biitl rlvuU of hutu', 
ou tbo under mdo i^f tbc ificlincii plane, mndc at duiancc^ ^port V<t«&l to 
tbo height of tbe pin. 

Thn \t\ni\ U bfuT. niA^ft of mfttAl ; It mny, h(>vpTer. be of old vood sni- 
uralodniUi but Tariusb; iudi&iDctcr, a*»howu lit Iho j)^n!«, trilt depcDil 
on Ibv heff^t of th« pulley. Wbw of nrjodn It ftbcubl liMre meUl »h&tU, 
uid b0 toi In A fnsie of lUioel-braM. Tbo welgbl af ili* roUor aod ffox^ 
i\tin% of th< nunii Arc niLrkcid cipnn It, 

[56] Tho BOrOW.^Tbe Iheor/ of tho Mrew i* but tUa4trat«d 
iDtuiA el A woodoQ eyllnd«r about two lacbos Ia diomi3i«r, oii whlcli 
wrapped u li^hi nnglod trlanj^lc of papnr, nit a Ac In lig, TT, ono CAih 
uf vliirb ii tHiiLftl to tba beigbt of ihe i^yliuder. ihv otlier tu iu ctrvuuifer* 
eooci Tfce bjp^tlMDiuo baa tt wdl-dcfiacd bluck cnaf^in, aoi] r«pr«B«nt6, 
wh«n wrapped aroufid tbo cyliudor, o&c turn of a scr«n'. 



J»f.n. 



irtu> 





1q a similar way. ibv Joul?1o*lbr«A<)od screw ni»j bo llluitraivdp by It 
ini; a ftoooDd blo^k liao pnnUIcI lo Ibv bypotb«iLaitcr, lu m fi^. T$, vb 
a ft i> equal to the elrt^umf^reni^e cf T^re cylMpr. aod a f Italf (he tanae. 

In «rrder rmlly to nhow Ibo action of tctrwn by fretK'^U, L( voalil 
n^ecuniy to cboono neb >,« bart a wide thread, and frvcn then tbc fi 
tlon would bo too gmt- It would bo voll. bowcvcr, to bavo a Ti 
modplA rrf lint and Khnrp thrnadnd Rlnf^lp: niid ilniihlc »rrrW£. And nU(> a 
model of an cniilcti fcrew. althougb tticy nboald cut bo aavd with weigh 
Tie lucKldi tilioiild Di>t bo too eiDaJI, 

If it b» desired to lllmnrato tbi; action nf n tirr^vT t^xpf-nmrntntlj, 
fullciwiog app^rntUH, dtaigtieil by Trufeuior J- Miilii?r, u rrjj tumrtmi 
Tbo base Jf «V. ft^* T>, supports a nuuiTc, ^kfoU^arscd oyUndcr A of bard 
wooiL ovor which fita a boLJow cjliadvr IS, don^uod to support tbc waigbt 
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Tb* l*tUr e:fllD(l«T h moAv of very hard and drj TCh>d; tho hyrtr 
mapj^in U cot in tfM fomi of n ai^rftw, which can btt nuui« |^r«tcj accurnte 
hj Bnt pvilcg ^fiKiOf) it a ilip of paptr, ui tn fig, T^. Intn tht^ Rt^lLi 
Gj^oder, »lx rutlen aa^. , Arc screw^J. hu ih&l clU oaj >u|)|iort thu icrcir 
loK«tJicr. TUffJd roJkm mofD Ob fI«gI boAric^ Fljc. HU sLiovra one or 
MtonJ «S2i>. Thi* ELru] U Mild hia mlUf, or«r ahkh tliii f^ari with 




vmlfiDce iD exp^nmeatiag, atiould hear & Himplc mito to the drcumfcrcoco 
af tbc «jrltQd«r, Th« ub» «f tfae appamtaa n«ioil» ao explanation. 

Fnr ferthvr lllaHlTaLlnii^ «ji Atvhicm-dri' u^tcw whh n glora t^jliuder le 
OMTtuknt 

[5C] Tbe WOdgG* — Th*! Himpk arranifcinci^t of (it^. Kl i« mtondf^J 
to ITldsmto tlie theory of tti« v«l}^. U comluu oT n ttoutlca bttj*« r r 
■n boriunitcll/ ou » tsbTt bj lueiuiH uf four btlJuHtiiiS aci«v& Id iIjIk 
tad boDfT t»tv«n ctiects of bnkM is wank tbc crlindcr a; U ftlw 
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^5^ 83. 



r^rrirjL i)u-. piilb^ tr. wblrh i^fljnrlji In unrh ft mnnnnr n^ tn ^[to H^m 
to tbo Atriug f i to irbicH the if alt-pno tv \n ikltftc^od^ In itie u|rrlg 
f» hinKid llie bftanl s, whh iU cylinder &, vrhkh tun bo pr«*8cd aoi 
t9ii> rrlimlcr ^i br n iFAl^ht Bftv^on Ihe ;«o is «ltiint«(l \he frt^t^ k 
aUiurbeil to lilt fltring £/^ Thtrrn itinuld \k Hnrtrrsl nf tlnum wedgMOf 
t)ic ^iTio kitjTflk, bill <-r diCr«reat buea. 

Thu cDtifv EipjkiratiKi IB tct^ «inipla, ntthongh %h^ cylbdvn require nice 
rturk. They %rv mnflo ^f boxwood nnd tnrnt^d or Ihcir pirn ftficr ibmB 
havu been iiiM-rLvd, Thu Ivan uiuit ^atAtu iwrfectly pnrallol Ut 
other. 

The JiioHt fif uHny tho npparfthift will bft cxidmu lo every ono. Th»" 
prnauK- nf Ihi* InHird ■ with the cjiimlcr fi in nwortainoil In- ■tuehinjf 
it by A tixlng to one M&Te or * baUncf, ftiid patting weights toto tb& 

^thcr until tbij board tUph on U« joiut to a. 
licrirjiDiEil pcnitilon^ TbU v«i|^hi ik iu&rk«d 
on llie bfMrJ, and iu uiit'U eK|M-rEiiieut m U> 
be added (<> p. It will bo bc^l *o to r«jra- 
]ftt9 IbiK wuifrht (bat it aboil aitiount to ft 
vhole rKjriiliiT <>r ffjc MH^tiiiied iinft*. 

[67] The piille7.— Id oddUloo to 
thu ('oiumoD form, ft vill ba ueoMsary to 
l]|ii«tral« the tnomblp pnlTpj Tor the ou« 
where ihc two cnnh nrc not parnllrl, •« 
tixi* n(Tordi> a ffood oppormnitj r(>r rcntarlu 
on the pamLlvkgraiD uf luroofl. The ox- 
pOTliriPTirrr ihonld haTA a niimbflr of fltngle 
ptilWA vilh movuble tiookt, fthoiit Ibc bTm 
und Hhupc i>f iho&c in Iik* Si find 83, ao u 
[t of T&rioiu comtlnsLtlons. A f>iimo with Tariona soti of pt»1l«7« 
htnTinwri in f[^ M. M 

The pullpTi lijcuiAflvot must iuuto frtf^l^ (ii:LonR:h to requfro tL«ir wcrgfltH 
to be lakcirL ^nto O'^onM in rxfiortiuoiitLnjir, ihit baing ^tlorwin^ti hy rupantt 
of ft cmln.ptn, ftn in tho ilmph'st rombSnatfon of l^g. SI Thtj" mufit ba 
ft liltio 1hi[:ki-r iD^ard llic eontcr w im lo dimnduli tbc rriclion Againet the 
friLnrrs n« much n.? pofldtlo, and the Fp^i^r at Ihc top nin^t hi? no KTaaW m to 
prorcDt thu firiTi^ Trom ilippia^ olt To uipiuiu the irorking of il morablo 
pulley when tholuuMrhiyji^arci not pnralM, uln Ug. S5b1h«ttaineftrr&ng»> 
racnl mftj Iw u»rd as for llic pftTnlfciofrrftm Tn (Ir. fifl ; iu ihiji cnsc vo jm»m 
a (infrlo itrinjr t^^cr Iho two pulkys i>f tho fmmt, und upuu IhU place d 
movAb|i> pulf«y, n* in fig^ 83 Itr tnoantiof thp nppnriilnE, it vlU bsvnayio 
oiplain tin; advaaiagts And disodnntof u of iht diC«r«tt cOEfihicntioos. 





pwrsiCAL icxrKRrvFriTATroji. 
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Construction of iho pull07B.-if n»*'i™ -^f brnu, ]>]«« 

It fircnlar m imtflibfo :aiv p-ni out cif bnut plate iritb iho khv or 

cokl chb«l, fuKiiif lug U}! witli tlir file A h^Ie i< itext tij tifl bored iu the 
ttsnUt of ucti, ood ft ynro fil»l iil:|;liily tailoring pEui»ed lliron^fb so n? to 
fit ligbtlj. TbdA ^oald h9 at l«aM n lino in diAiaotor ord b« Holderad 




Fig^th. 



J^. BS. 



■lib tin- Th« paUe^ abooicl 
thca bo put OL Iho Uih« ni^d 
InrAMl &l Ibn tame lima wllb 
tic luu; C4rv lieb^ tiikoQ 
t^l UkO polity is I(^n Tory 

thu the iritvnmrfmifp. The 
Ub »lioald be Joft at Icfut 
hftir A lino in thu^kccvM. ud 

cDOUfb lo itcciTc xht cnlir? thrcud without any part of tE proJectiDic 
btymd tlid «df^ lig. 311, TtL« palloy ta tbira to b« Tarniihad wbil« Gtitl 
on the kMh«. 
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Tbv- ^httki. fi^, 61. \ht hook, iritti iu neck, fi^. $■?. «h1 tb« ioterm«< 
iIIaU tiW^«, Ak ^^i i^'o tlwa iDftdo, ftnd \h*t latt*>r pkoruvil wltb ft bole to 
PM-viLTc iJiu hook- Th*.- fliffcrem. purti arc tfaou tOMibSuflJ by maaDK of 
hftad-ike, which u tt|itilicd over ihe uppvr bolf uf Ibc kUrmedinU- picce,^ 
Allowliiif thc^ pqllor 1^ laoTo fnolj and tocomo AOQ«ar toUifinicrmcitiato 
plctHj DJ to prtreni ihc slHujt from slipping off- In U»U ■iia^tiao bor« n 
bulf.' u. G);. S)0, c'tiltrt.-(y ULn>ugh Lbu Ueiul, uiid ho lu lu I'lirivjiu^b alij^blJj 
on the Olio pravioo^y bored In iho lotcmiiefnate piftooi IumH tho □ocl^| 
of Uitt h«#k, and pot in a rival befora removukg the bflod-riM. A totfood^ 
hole rosy then b« laired alto paulTig (hrongTi ih« neck of ihe hook, or 
tnr other part of iho hf^il, nnd unuthcT met InMTtcd, Sboutd tbc 
book be too li|{ht to tuni frccl>\ ft little oil aacl vrorkiug will mm it-^ 
Tb« »nitro block la Ih^n to bo clencvcl Rnd TomUhod. ^M 

Tbo InlfrrniodUlD piece may nltQ he fioldfirc-il to ono of tho cbeob^ or 
both rnftdc in one piece, The latter course is not to be rocommcndtdt, 
•nd it will nl any rate bo nooeAaa^ to luu ft rivet to bnTe a monUil 
lioot 

!u tba cii><e of v/oodtti pullcyn, tbc ttntuv or l^lonk U mjifltq ol* ft p1i 
or boat brow pt&te, tht? pnlloy bori>d through und t)L« nxii riveted, 
otberwisft r««tetied In th-i frAiooH Tbo hook U likowjee rivot«d into t1 
fratnn bi*fnr« k U Iwnt.. If the op^nilor rnrnoi mnki* snrli puUeya. 
time be vtttntiag fur lie purijcne, very gvnd tcmporftry oncji ran br cni 
etraelod by gutting wtatf woodf^u puDpyfl nln^ndy pierced from the tonn 
find b(D(]jit|t ft ronnd froa wlrv Jnto the 4hnpo tboxra in fig. UL The pi 





Jli'fip. S^ 



^MntfcrOB^ the hole of ibi' pulky, und iu ttii£ way wo ahnJ] bme a 
Wl^^f^Od ftrr*ag«aQ«nt, aad fti » vory trifling foat, ovpn for a eon- 
ehlcirmble noinlior 

T<i mftke the fii1ley» tarn xeij Cftsilj, iibtch b necvAMry for muy pQl 
^otM, ib«y nivl niu ou pctiktod atoel Acrewi pauicg througb tba fnuD«. 
A hole 13 bored la oat^h end of tbo ftnlii. which \a enlarged conk-nlly. 



iVff.92. 



PnTSICAL BXT&aiMS^ATIOOr. 

ifaowB «« BB ffDlu'^) Bfilo In fig W. The pail?j ma«t b« MBUmA ov 
thk Mokal bol& Tho polnui or tbo wmws tthiL-li nin ]<xtMt7 In th* 

couacftl iif!prcMNon muRl iw 
fhftrpor C4n«», 00 ibftt only 
tl» oblni* «4gfM or lh4 d*- 
prttuiunK hvlil play on tlirlr 
P'^tiehcd 4«rfaL-irB. Tlie 
' nrH nro mado (i« hard 110 

tun fi^vlf iHtbout- pn«- 
iUTB or obclUhUoq. For 
ihSfl pnrjWM n fl«c»iiil nnt 

[M] ThO lovor.— Hciw*Ttr liDSpU llie tlieorj- of th? krer, i.hp 
tttirhfr will l&Jid trnfL^iJerji'^iIv praulk^jil iLiffiniltj In rxpluinliiff il lii ihv 
catjre comprohflnKiOD ^f hv^ icliolars- It will thoruforc. bt ncccuarj to 
pm«iit eip«riQi«QU in th«ir most varied applicalton*. 

Tlift appantm; fga. 93 ami 9i, b v«ll calcolatM for UlinttrftUnnc '^^ 




Fig,^$, 







-T--- r- ■-* ^^mHii-^ 



Uvi of iho lorer ; It U cnnstmcted entirely or Imnj rood, with the ex- 
e»ptioa of loaf kioull piocdi Tb<; poet C U fixed In tb« mid<ll« <jr ifae 
Imi ft ^. wlilcU Hinniq on Invrlfn^ Hr'n?vfl, aa't hrihind It, ihe upright 
btvi Jf .V JVA'ba5llr«c tilitt. /) /> A m wlticb to faatea pullcjs. ^ 
Hua pliie tf b fcrc^vc4 to Ibo top or tho poet C\ ItaoliookA ar« colcbt^d, 
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la H«tre ihe ftxls or Ui« br«r, This b & vaod«o bar tnintD^ < 
«xlfi pvrpondlcaUr to its 1«ngth; a pL«ca of ct^nt bEnittia^-no^dlf iriil 
pmvar for thii purpoie. Tb« [txti ihould tii^ dniri?n in u tiul« liliurr thv 
ueiiUr of gmitjT- Alou^ the bar, at di»t&uc«9 of tui iucli, &re uvu to tie 
Uwtted tbort piM^r mtticr tliinucr wir«, «11 ta tie (d Uio ionfiititdind 
uiH of tli4 bar ud fitted in u truljr jwrpoodtcuUr to iU rcnical plane 
pcMnible. To cwb piu Ia Ur tju atLucImil « E(licTU|i uf bruu aira. tt >lioi 
Id Ag* $6. Tbtt& Atimipa m d^o of t&rd, dnvrQ vrfrv, •■> m to hai 
»omo atiuticitj; tboj nboald bo all of nqaal tangth und ctpdblo of b»ii 
dttschod. to AA to bo r^p1tt*ed riih ih« bcud itbOT^ tk« Lnr. The pii 
vtlh tbtilr Hl-Lrru|i[i, ar« [luitibtfrui] frutii tbu iruultrr. Tlifj braai bhllb j/t vi 
norloiT oi* cbKT'thrf Adcd KTpn-n M coch cad of tbfr b^r »nrro to balance >t^H 
To brirff force* 1o lu^t obliqucU □]»[>» tho Wrttt wu maL* tiic« of n ptitl^fH 
n pkoeil ittoneuf iba two hIiu, £) D. and wlrfa iu plane |nnillel io if .Y 
TbiB b dK»wD of ufttur^ aiso Lq fl^. 9fl ; it U uudo of bomood or U 

and kiu fl steel axb turned 
^' •*' -'^^ **' the mac time i-Hb tho p 

^ A, OIL vblcb a »crvTV U cuL, 
IcATinff A «p*ce tta lonff ^H 
tho tbickocM of tbo pull^j^* 
Tlitt In embrau'f^d hf^tviwn ft 
Diir) llm roTiTcx hcjid H, ^q us 
to hare an "jnay molioUp Orer 
lilfl pTitley U posted fl stripy 
attuL'li«il at DIIR vnd to nnj Ktfrrnp nnd lo a urii^bt if iii tl]i< uthur 
Wo cfttt tbc[i ftftt'*?riam by diroi^t meosurcmcnt the di^uuvv ac of the 
direction d<; in which this w«tght ni>w nola oJi tho Iotot; <if ifl> bo 
*Trt, [ neon rt^ri lent !-> tvomnri'. If ihft tipptr edjfc uf Ihi- «Kt D 
dliUot froiH iht imddl« of the lerpr, nht-n in ctiuilibHuiu. by « w 
nuTtiher of indiCs (about tbroe iachc» in fi;:. 'J3,) and provided witb a 
^niloation eeTre^^poitdtnjc *^ilh tbat or ib« tcvor, iho irinoKl^'e (t^cf nnd 
d€ f Mill be ftlitifbr, am] ^m rf /, fl f, and n <f, t»e ruti rnid Ihv «tu- 
lance^ii;; dt i« casllj meaaiired. If in thtr prcaenl ca&«. li/^ 3, oif 
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the 



If now a direct ocUni; irolfbl 
40 
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atlDcliod to Iho lofY, at a diManco, T = ^ the nelgliU would bo inforeel? 

at the dls'.anit^ or (? : P ^- k'^S : 30, a proportion wluch, lite aoj Otbef, 
i« eafilj ronslrnet'?d hy nn^uua of oolna. ^^ 

To Dudu a torer of Uic xecoad or third cli^*, a puller ^^ pUc^<i ia ^^^| 
nppOT dil, and oM of the stirrTips loraed opword; the attached wei^i^ 
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tctt OTW t&« palbjr, And th< olbcr wcij^bt ikU Jirefrltj' ai the ruquirc^l 
dhUM^L To titUuet llie tipp«r ptiFley vrltb «ulQoiflot CT«fin«8g tor the 
purpovc. Its Hlit tij^ u j^jbltmilo^i corrcs|ioi^dln|r to ihnl of tlic Icvvr. 

Tbe aiii of the icvct itself taaj he held in a ftlrrLip, and the action of 
ttn fvo JfttenU rotcen hulnuotd hj a middle force fur tliu purpoaa of sliov- 
hig vrbii ibfl fnti-nim m « hiu to prrfitrm. aritl In gpn^rnl lo ftxhlhlt iho 
Uir of cquilihriDiii of Ihroc farcer whou: c^RntcrH of curtjon arc coDnoctcd 
bj ft Btraiffht Jiue. 

A tJmpl^r Ani v^i'j' OK«rcil ftrrnn^pRirni for lUafltrallng the lawn of th« 
krer, b given in Qg, 9T- tt tirn^^ no furthcfr dcvTripLifm- Edc!! of Iha 
\trcn lOfly t>u um4 nloue or in cornhmati^a iritli othera. Smooth hi>1eft 
•n boofd ui tlic Icvcm and tho tiaiul, and [li^i^o^ of dmooth vlrc faorva u 
Inlrrnmi und iup|iuri4 for the hra» ttirrupt ithkh urippart tha Mttl* 
bookj- INj OAC tlom lu onunrmtHl hxent, they ^re li^Uoced by the 
wifchts a a. To um a shixfe <rae n.' a oao'i^mcd kvor, tho oi^f ^c ^^^ ^* 
pftued through both flapporui, atid palkyx Attach«d to it for the Wfllghti 
vhJub ntv tJi ul npvAnl. 




The ftmogetuoct m fig> 9« it «liU vimpUr. Thtt Uror A B Itinu on n 
lAed wlm, And timilHr «itvit mppnrt tbf? itimiiu nf ibe wei|;hlB wUnrv 
they ftre required Tbc puHcj caii-ics ttio wel^bti to net iipworfl. 

If e^lfaAiKi wlxU \ht Miajthfii cu-rfiTiffomcDt, wo maj attiu?h Uil' lever to 
e book, by roeunt of u Nomt'uluL longer Ktirriip of liraw vrirt*; In tblii 
ctte, bui*eir«r, uuEy fun-ca iu:[[h)C diroctly can be employed. W« miiy Alitn 
famUi luy ticclyai^l irith (^ crndantion on lU ebort armoorresi^ondin^- ti 
d»t on ibe long, ni^d thui explain tbe Uvr of tb** lever, though ]«s com- 
preheiMlT^ly. 



u 
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[w] The nrheel and axla— An iron »jiiH \$ pMi«4i ihrocpTT 

itiLtnhli? piwR or lianl wf>oi] and both loroed qIT togBthSti bo that tbf 




-"7- "' woo^l muT huTB > namlwf of luccniafTO dtddy 

1. 3.3. oto,, fi|f. 'jy. Kftch iJHk has lwi> pio*. 

itirettdit. Thcjm tlUki aro fiU|i)»ortii] by iwu 
equal »trljj« of lirtM, whfch nrc Krewcd to A 

For lie r«rth*r eludd^iJoH of ihla ftubj«t, i^^ 
nooltl Ifo woll to li«va s >1iii[>lc voodra ^^^H 
with iron jc"<lff^°"t »n vhji^li atdf Ijc pljio«il a 
wiiioh or A wbtJol <>r tb« uttM** rudiut, tu ttic plai n 
Ihi* Borfon of Ih^ vtnrh. Thctr f^dgooni n>a^^| 
hIm be lurQC^l i>lT iHlli the axcf. mid ic«l (l^ 
f^rAnnrl bnuu hoxof. Tbo tu^liou of ircipbu iu ditT^raiit positbna of lh« 
cmiik iiiny remilJy be BU*>wn. 

Aftnr barfiig Ihuii f xjiTninHl iJif! kiHti% Uji' pulley, ihtf krer, wbccL 
nxk^ aod cnuklc, «c nny next proceed to the (Xiu^doruiioo of Aomo 
poEiofl ina'.'hin^. 

For thin piirpo4i\ mtxi^l* will lilif'viiu hi- iievJnl^ HHttou(i:h ibo *i] 
motile nlU bo uo lonf-i^r ccuil(iL-l«ii whb woljchlA. Ainoifr tliOAO 
uooinioa cArtor'« jock OL^cupica a promi»«ai pla««, 1iibI«iu1 of 
sjrui^tlliflj a iDodel <if tbl», U wll! b* well to proror? a good jack of 
llic bmallest uce, aiid dtbcf cut lhtoU|Eb the plnlo irbicb coveftt tb« 
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Theela. or. \t this cumot be dow. baro the pUl« urronired to vrr^w 
0^ l9il«^ tf bunx rivciwL A Jaob of thU ki;id maj La ui^ Tor otb«r 
pwpQMfi, and coDl« ito niiir« Ihnn a model 

ahown in Bff. 100. is cwilj ■'^^' *""' 

«flf]iitruot«il in TTto4el, Aod U 

till? Ixritirr iultA() A>r lllittti^- 

tiOD of a cumpuuiul machm«, 

u Uio tripoti U to frequoDtly 

Died vi^ or wiihont 1h« 

vuidlPHL It iltpt-riil.i cju lite 

dulfitoriho intULiuiiui]. Ik^w 

much thould be douo b tbv 

Vftjof ool^fTlin^mijilrtf ; T>nt 

u pCMiblc. r«al wiorldoz mo- 
d«b of tolerable «Ue for the 
take of exIiEliItfng tbe artaal 
operation of iitAcMnca, 

[«)] contor Of sraT- 

of thr crnlcr of jfnirUjf in 

urfiLcae, a trianffb maf be 

■lade of Tery v^eu vrood, ma- 

hogmtf or r^onir, iibnnt a Hnc In rhlrlnot*, pmi rlin rpnt*'r of ^mvltj 

tnutd on it by Ciiiutniftbn, Ifi^ hah t>f> hortil fri>ui ihr other aide mon 

thaa bair wuj throufrtk, lie rtst j>iDrct(i witU a liut uoudle^ so tliat it can 

be inspcnd'^d hy a thrtfnr]^ as In ito;, lOJ, If. will be no 

arAfff balnnf^cd that n Hirlo wjt\ wHl ruliy mljuf^l IL U 

liovlil be mid? of UDifonn thkkiLCTd. la lb<^ sumo wny 

Ibe cuDtrr of gniviij' of n sqinife or pnlyg^^n maf bo 

«aaKtniict«d by I'Dinhiiifn^ the I'CHter* of gravity of iho 

iCfiarate trianirlo^ nbich <;<iEii|)04tf tttmn> 

[4J j Tbeequilibriomcf >uir|pRTLdi>d l)odici4liimo)il8tab]i^< 
Vihtu tbe mniut t^f a boif y t^uii be to diMHbui4*d b« to bo tmcpendt^d witbont 
ippvariil^ tu be «iv, variuut t'liriuu^ cx^jeriniffulA inny \m ex]iibtU!i.l Thus 
ea tbc point of ft iiyramid. A, (Ijir 10!~, In a i^Kjic^illy coni^iiTc ncDal plntir, 
A piece of woott if, with rkbr<nt wirr HiV^paasiM throo}^ [t, btuhif^ a le&d 
bftll at CMcb md and |in»Mi^Ll wkh a fllwl pUiit, !« tpt In t}iN mnraTlty. 
Xbevbolc nyail^m irill be xuKpcridcd whun tJie two halh lie below tbo 
pivot For th« Uork £ may be euhfttittitiKl a email Dgiire mAdo of Uftht 
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mntcrtal roilmff oa one toe, and hoMlng tlie vire JV JVln Fu hfttiifx like & 
r4ip«-tlm]v«r fiucU an apparalUA will always mainUm iU tqailibriuiil, 
however mH*-h il may mrfllcitc or niintc. 

[fia] ThO COnO which runs up hill.^MRke & 4ooblo i^oao of 
wuufi, Ag. I(i3, ur S to 1 InchRi In length mxtd 9 to 4 in thk kuf*iA, wUh ft 
tuobat each end. Next procure two ban^Kke m n op, %. 104, ttoToIod 

>V?, 102. J\ff, 103. 





4t ;h« appcT cdtfc m n, vrhlcb bclfues to op ia «ncH a manner ihoA tbo 
axil or iho doobU cone, tvlien laul ou tho hi^^hci^t port at n, to:- 10:t, liei 
xomerhAt lower ihan wten itte eomoi^n buita ivsu on the 1ow«n point 
•it m. Tht tvro boardji atc united at m by u liiiLj^i-, aud Mporalcd QDOOf^ 
to lot the Apices of the cones rc^t in tlie aoteh at n. On plocinff iha 
eone at m, il vHI run tonarci n, and eome to rert lu tlie noli>h. 

[64] The Chinese tumbler,— TlrU may bo hcmi^hl at any of the 
loj-idiopa. When the nt^ilr >» rroctcd, the tamblnr Ik lo be Lent ti^g^icr 
vMl fta bacik <Jt>wuvurrl, as if rvsltnf; on Iho tiuoilri nud fu^t; plLwo it, 
hOftVf^TT, onlj' na 1u hniidt, nnd It w5[l Inin levcHrol Hnmor^lA hofoni 
rcnchiujf Ihi? liutt'^ru. If t\ia ioy dom not work wi^ll. it »bou1d not 
hv boiighl at any price, fijr its ndjiifltnotnl vriU inrnl^t^ inucb lime an<l 
Itouble. 

[rh'l} Stable Cquillbrillin, — Thi- iippnnituK ihown tn n^ 105 and 
IDG IB TQfy well adapt«4l to tllmiLrnU' tbe lain of sUblu oquilibriniit Tbo 
IforLPl Jf X i^th ft^i**^"? scrova en.rriea u tqaare Iron bar B, ^ vMoh 
the viidv A Ej viih tbe paUcy c movec np Rtid dovrn, UtEi can l» flxod at 
nflj height by tueniifl of u ftcri^w A In thf ruiddlv, dirccdy atroKi iho 
board, U 6xcd tb( tKio bruse slri^ mrn. Make nn accurately perpendleu- 
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priim of wyto boxwoodn knd bore a Mt ihron b«toir, liftJf th« 
iCtb of the prisai adiI un uuu tide of kU T«HJoftl ftxti, bftvLuK kU 
mur in ibe loMiAm Ud« of Iba 

Fill Ik) l*«lu irilh DjrfM^ '^'^- "^' 

ukd ftltcr£Ok»fiiiK. fiiiisaore 

7h« o«nter of grftiltf of thn 
body niitit now 1m atcprtAlncil hy 
ftppl.dni: UiG fthfirp cd}(c ofa nilur 
If iroo<l of uftifuna loilurc hua 
teM •«brt«d,ftnd ih* bolo Tor lUo 
leacl oiailw dlrrcllj oppmUc Lho 
iDiddIo of the rid« nc<krc9t to it, 
|li« ceaur or r^nirity vrill ]i>t b 
tfao iMlloD piuilTifC Ti'nicaU/ 
tbroii^ Uiit middle llfie. Thu 
lltoe tod the OQO cUr«<Tllj oppo- 
«3to art now dlTldwl into foor 
pairti; ftnd In o»rb dinMoa lji iu- 
ft rma\l took, ta nbicb Id 
tbr««d vrilh n »c«t^- 
■toii*«nd tod piminf? or^r 
a pdlley. The pulley muiit Ui nu 
ftmttijccd ilul ttiv atrin^ shAll bo 

don nf tbg cotter of f^iitjr 

tbftl cd|^ Of or nbioU tb« iiri^m 

vrttl b« ihrowTi, tbo dlfionr^e of 

thm point or sLibL-btui-'nt from the 

iUDC tdgt, and tite ^^nlirc ifi:iKlit 

of ihf body Turtiub ihv clom^&ti 

ffom vbich vfl oftji rnli'ulnlu tbu 

vrelgbl whicb mast lie uuacU«d 

to iht *triD|r ia urJcr to over- 

tbrow tbe Ivodj to nnj of the 

loor pariHoBs In wbicb it aui t« j>Iiir<?r3. wfih tbc tiring nttocbt^d to 

citbff of ;bD lix bookr. Tho wctiflit vf the bodf is markfid ou K ftnd 

tbn dbUflroa r a, 0' mvnuurtd itud mark^'d, nAmmJa^ the mlervnl b«tvcon 

tbo hooka » nnltj. The weight o&Il'uUkkI for each Uo{>k ihould bu 
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rk«4l bea1<]« it TLe lUtid lyf %f:. 07 will itotre Tor tfeut WTftoeeoMi 



iV^OI. 




jMtDl^d In A^. IftT. Tvm hi 

vbolo ono «r« tlirosl ibrongfa 
a rfirk at riKhi iingUi lo ew^h 

ULJivi, tllid lilt U|rp>jMll>f vutH- 

porUid on Iv^ wiucjrlu«r«, 
(^ thai tho vholo ikcedla 
rvprtmntd tlie W&ni of iku 
^ ilj'L^< » , linrloiiu afiht halTt9 
:1m [ <ii^-uc, Bt pu^hin^ tho 
IdU^r u]> or flown, th« c«nt«T 

of gfHMljr i7au bt* ulUrretT &l jrlruhurt, uni) iu cffwt i^n tl^c fqullIbrlDra 

tliiiR (icmonntratod. 
[6; J Manaffomont orihobalanco.— TwohttUiiotfaAriirjMiloUj 

ffOdcl roaiDaot] EuMrnmont, for ml8ce1Uuoi>iu piirposcft. En cmc qF iiocc«> 
eitjr, th« TutioT imif b* qNud for (ipcciilc croviij- cipi^nmentii, provided lh©j 
bTc ft« cvnuftive n» tb« Ijeiter kinds QMd In the «iiops, 

Tliv dmrmAeiriictk'Ti i>f it good bal>nr« nro vi^Tl kDonii' Xn the oat?Aj 
la coiLHHJvmblc*, Iha fiD« halnnrr Ahould be bongbt of it wf ]|-kni>vrn niftkcT, 
ftq ItwiJL be no adTB-utogt* to bjL?t> uciy Ijut a Crrtil-nilo ^n^iroin^nU It 
■luiuld c^iirr/ abfujl AflO pr^mmiH^ bjuI turn wUh mt ]H«t yflft^i^fl ; thit In, 
wilb llic tuui] of a hrx.<t'>i^mn i( hhuuld luni irith ft uiiilignmL Tlitt 
baao nin^t bo provided vtitli M^fu^ra for horiirtiDtttl ftdJaAlrac^nt, f-lnot tl 
i;uiipoi]Hion in th« to-cflllml «Hhc!ar*, fis in tlio coromau balanct^ U not 
U'liumibh Uvrt^^ Weilf^. itideud, mu)r bi* driven iiitderjiDtith, or tho 
Atuad mhy be p]a<^^ npoa a board, wllb ftdjuMlni: acrcw^ vrhlcli will b« 
rLUnnd nvnilablo for other purpM^i;; but «]thor mod« \^ ft troiibt«M>iao 

Thb hftloncv iboiild have.' un vxlni pziD, for Lbt dt-lt^ruitiiDiioii of 

It In offdatinl to tho ^rood prcflorratton of ■ bnlftnce, ttiot, vboa not Id 
use, tto bum aliould bo Tftitt?d fiom ita h«ftringii by a ^uutf^v itoftdy oiot*- 
men;. Tl Trill Ira found very conv^rtkiii to \\nvt^ tbir ciua firr ih« bftJan«e 
glnxi'd, ftiid it dionld bv >o arrimgYd thftt tbv pani cftti be rcichcd bj 
opoalB|( A door In the oftw. Thu oquolity of tlio ftrnu mftj bu uj»ortafde4] 
by bftdfng the pftnt Gcarij^ to ihefr limjl^ and balanoing and iben tTftOfr- 
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poihig tke pu% vrhkh dioaM »tilJ bdanco each olh«r, Tbli may nof 
^oenr, however, witb niotlitvniLtiu*! ocr^iini^j in very dtlicntc bal;tiicMi 
wid tl»0T»r»ni ivbcQ iwy 8c<-urAl<^ duUrmlnfttioftb an lo be mnd^ lyL'^nrffO 
nant bekftd to thoai«^cd of douUl* weijthlDj;. Il nill ba tcmIiIj aaJcr- 
iU;ud U>1 In tnoh a baloiin, Uic edges must be paruild vritb couh other, 
sliarp, uid til th« purae p]ai)«. 

TUd b«liLiice muH tiftro • Una r««llii^- place Ea a good Ut^lit wberi? it 
cum rvmiua imdbttirbcd. If it become accvaarr to lAOte it, tbo hnlfe 
«d^« sboold b« Uftvd ft^ui tb« buoriDgi, fut IhOHo part* are ejuilj injured 

[6f*J ja *i«j'^iAjiK;. il in tai>ro eipeditioun ta tcy tbe wci^fhu in rcicular 
•vcoeasteu, be^'tumui^ at tbe Urgcr, and oniitUa^ none, fur one U vor/ apt 
to vDderecllmaio the wefgJil, and bare to go boclc af^nlo. The balance 
flhoald jiol tx! ruUed ti> Itx futi hE^i^hl imtil cr^ufli^rltiLn (j^ »o iieiLrly 
Ncufcd. xkni neither scak toucbca the buttouL, It h only by the iiiobt 
caalJocv tttudUag tliai auoU an iDfltrameui oau be kejil in order 

U wiH not *w necvuary lo wait r*r tho ImUai^o lo come enlir^Ty to reat^ 

^ ihf; Index tnovv* aloit^ a ^nduati^d arc, ami a ci>Lupi^rifio[L uf tlie 

lAflioijnt of motion to I'llhcr titdtj ef tbo ituco will indicate tho fact c^cn 

l^pettsr than irbeu all l« in f^qmtkbrtun;, TbU, bowever, rioou OL^curt in 

Ifp^flc gravity «xpcrim^nU. when ilii^ tiody to hr u'e^hfid Ifl ai]ii|)cnJed 

Id walcf, i>n account uf the greater rtri-iitau^'u uf ibiR clciuciiL 

[693 ^'^^ ^^' c^mmo/i bafancG. one abould bo Belocttd carryinfc 6 to 
10 lb«, and of tofflciem drllcacy to lam, irhen not loaded beavily, witli 
]e^e' (' dcri^ni;) iti ibU way ibr Ijnvr bKtrtimnnt may bn miirh r^- 
BvTtd, Itflhonld botaapeodvd in evme«>nrcaicnt acccwibk f tocc. vrhere 
Ittttrre i^aid be tvo book«. ooft to eappurt the acalc« wbvn in use, tbe 
Dtlier lover doim, and allowing ihfi pnttn to rcAt on a ba»e. There 
L#iMDld alui he a poiiLf of m>|H)i^nuiE] tor tbit Ipikliuic^if over ibe wipor- 
Imtstlog table, u it will ot'tvu hn neecJod hf^T^. If tbiji balanoe be the 
^ly one procured, and with tho ii^jove-me&tiuned degree of eeuBiblLity 
it wiit aenre for puqvna^H of denioiiRiratlon, I; will ba n^Qoniary lo bave 
ft pair of Hat icidO'panA t^J W uki?i) aiiioni^ utlier purpuwi fur ipfictClc 
gravkj detcmiAationj; Tbo laatTLtmcnt muni be aubjccled to all the 
lo loeore aoonracj, u tbU will t^eqarintly be fonnd wAotiog. &e- 
aneJng lo thn iMiiiafity uf the «nni. the ihrnf knifo rdi^i^K mui^t be 
to tee ir ibey are iu ttir? !^amc ^trJLigbt Uul\ If the cocstruciiou 
llic Imlaocc will allow it^ ihU latter point may tc aacvrteined by meana 
a ia#, ■uoo;b thread attachpi io n bow ; If thit teal cannot be apjilled, 
m reraosvB miiat tci bad t'f wui^htng. Tim Ht^titiibilUy uiuit uut dccreaAe 
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too mocb, by Incretuin^ Uio lojidj nor beccma extrenui when ki4iled 
l9 tliQ bi^'heit In ila^ furiui^r ci.tc. iUa L'l^fUnd kuitt vtle^ U too hlgb^ 
or r«ttior, tlio IEeig conDociinu; the oater kalfo edj^ U bclovr tb« cea- 
toT of grnvifj: lq the iatur, it pauM nboro Uto Cfntroi «)g«. Thai 
It bulaiioij nbtHi ulitfa fmply liirnH wStli & w«I^ht of L t'^ S eenttgrHniin««, 
mud wleu ItimluJ nith .'t kiTogrnmuKJi m r«icb n^nli-'piin UruA v'lih 2 or S 
ihci^roms. maj" wt^ll sai\at* tho opor&iot ai to llii^ ]><>int. 1l Is well 
koowD thfti ttio Kvrwtbilit/ of tho ^iluco in indinntoi D<>t by iixo flmowit 
vhicb B«tdi It ifi niattoit vt^iit^ at nsl. I>tit b/ tbiLt whmb affVeta lu <i>arfllft' 
tJoD ttben blreO'iy ui tuutluu. If a bulaa^^u Uol'n uut l-ouio uji to oil theM 
retell Ln:i»« lite, it Bbotild not bo fxirchiuaiL ir, Irxtfter, ftu Inoccanitc oti« 
Liu bc«a Alroudy procnrod, all Iti: paru nboutd be curof^tUy jvriitm>c«4^ 
If tbo bi^ariu^s tiad l£iiir« oilf^ are ant hani «nojgh, (iba flla fboald noi 
cot tbcm,] Iboy fliioald bo knocktil out witb n wuodon or oop^kcr luim- 
mor iiai rehflrdcnod; orolao thoy should be rfipWcd cntlroly by bott«r 
steel, gro^Eir! and pdllfiheil nnev. Furtht^r hinU OA tbit kuhjcxt will b« 
glreo vlirn (.refttliijj; of tlie pum^ulum, BhouM llie linlAiicr ^tfll indJcalc 
iL want of acnilbUiiyr itt ccotor of Kfarity lyin^ too lov. It will be tw:g%- 
Hury uilh«r to reui>>ra Boruo raaitor TroTii Lii-Tidiitb tbo p'^lnt of 8a8[>en«ioa. 
Of ^Ue a^a sodkAtfatng to ihn tnngafl, FlniLtly, If ^h? knifn ptlij^ ar* not 
propcrlv ndjuttcd, or the amm of uae^L'^aL length, and ihc knifo cd^ea not 
laovubb, iomuthtnj? m\g]A bo done bynoannof the hammer; but thia fa a 
T«tyhnjtanlonsbD(1ue«Bvitb which wo tbouM hAveulHlle tod<> atpoul- 
blc II win lu in<r>tca»ra of tMaktnd bo AstiLid bv8t lo|)iircbnwaiicirDO«. 
[TO.] Weights. — U will ho adrUbbla For tb« experimenter to bate 
wftightB of B«7i?rtt[ diffbrent d^nomluatiouf^ ei4 troy. aroirdupoU, and 
ftpoiheri;i'1r-s' wt^rghta. tog«tbor with xU<3w of Ibo nnv French Klundard, 
Tbo lalti^r nbould be obtftliiod from »ido relialilv workEUOin ; for laaluag 
<l«daeial u-aif^bi^ h a rtrj t«dlou6 operation wLthoal a standard vol^bt^ 
Bvon vlih tbd f&diBp«nHAbN precaution of lajlag «Acb wdf^bt in it« [>rop«T 
dldolnn in Iho ca«c tm khau n^ U Ia taken from the iicii1e<[>nii, orio of the 
pmnllor irojgbta will occa&ioriallj be lost In aome way. Il U well there- 
fore to mako dnplkcnlo^ of tbcno oat of thin nlr^v or ptntlna plato, Tho 
con of *neh pTfltc i« inconsiderable. A euuvi^nlput tuodti of t^oniEraellng 
tlicsu is to ctJl out Ik <ii]jl11 i^clfa[]^u]ur \\\ixty and ri^gulaUr Jt I'arvfully to 
Ibe ttctiehl i>f a trmlu ordcciKcrMD- Then witb tho diTidon InjoCF nJiquot 
part« of xha Innj^th and out it with a «harp knife and a luctidliL^ ruler rnto 
bitii of fi, 4, 2r 2 and L niiHifrrnnirn^iL TUt* a^i^nn/^y of the lereral pTpVifa 
may tben be tcut«d by xhv bulauce, CbouiuU often poa^cw icqIm »onjiliv« 
to I'd of a mjlllKTaamc, and aceon to aocb thottld bo mado tub of for 
parposM of covtpnriton auj recltEloaiion. 
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fTl) ThO StOOlyard. — X ■Uol^ftrdwillbenoocanrjoQljtoexplAm 
Uh- mod< of iu luo ; kit to bvtMbed before porohuiDg by cri&l ^llh known 

J\g. ioe. 




f^M] Conusor bo&Ios or plittt'orm scalos,— Tho coiutrDctioD 

'>f tlit^n orilfr^ cut bor^iuli1jreTplB.iae(l, and ihoiitd Uj nomeaiub«o(nltted 
'^^ Acctjunt of Ibc olniHt uDWcrsAl use lalo which they b&ve coma The 
"^■^ia pvini ia IcatiD^ tboni li tf> oMertdJa whether tho <[«ciaBl rdalion u 
^^^^aulnwl vitb dJEforeni welghu wboa placed on anj ghen pari of the 
^^itigc. Tli«i1r wnilhllTt^ ntrcly t'lc^ftrjn j^jj^j^j. A i*onrhnf*nti Tirm fi>r 
"^^UDoaitmioii will he found in one rnrrying aboat 50 \h^-, the bridjco or 
plftttbm of vhlob eixuLBU of t^fo pt«c«i3 liiugurl to & rram«, which, wb«B 
^loiid, «ntln«ty fill np tlio frnma, And wh^n oppnitil and iurn«d back, 

[T3j BlasUcitJ^,— Tho elasticity of iTorj ie ahowa by droppinfr ft 
Unoll bflU on u niarblu nEub. If the sUh he hrvathed apon, tbo ball will 
tQfikH a ipol ihe lau of wliicli ii prujHirtiGiicil to itu' lnjl^ht of thn full, 
Tbeipol btt«u beat [q A;iohll(jtie IiltUl Ulrurkenlitft; lli^^Uti u-[lb lump- 
bitch Quket tfaeqiot cioreUiiuncL The ftolj shoiild bo lnvnt«d bj^wtdjfvB 
toBToU hafiiii; the ball riihuuud obllquvlj- It wit] be boil to oatcb the 
t^ lA it rlBsa lu tbc &tr. 

Aoj piooo of marble dab will ouawer for tbc proocdinjt oicporimcnt, 
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vrlxh projecting tdt^ mnth to fit Ibu niiirlflc. TEic Cft«e U UiU d<md, 
liLitiom u[*vFar<t, nii*i ihc iimrblt laid in :l. Th^ rcmaiDing flprwt ii filled 
with prr[ini"i?fl pWiiir of ParU roiitfii to a lliiu ;>iihIu, whicli, when quite 
[iiinl. sIluuM he levdnJ off, jind ibir vooil^n hoiuin «i*r«wv() an U> tlie 
frame, G^penm, or plaster cf Pani, (sulphate of Ilinc,) U prcpnifd for 
tbli uDd other pur|iotK!a b/ tukio>; it la impaJpfk- 
hlo [Kkwd(>r A4 grouiLtl »l pUiter-mDEt. kii^ pot* 
ti^t|C n i;unv('Tj](Mit i>ortioii drj Inln ari Iron pot 
orcr the lircf, Aft«r ti »liart time, an apparent 
cljuliitlou will tfibe pUe« in th^ drj powd«r 
ow[o^ !o ihe ^iMmgn^mpnt of ih? wMr^r of 
t'lyfilull I nation. Tlin nuuu Hhonlil tx? ttirml i:ni»- 
tltiually until iIjc bnbi>1itLj; cvouc^ thi^^i rcmo^-M) unci alhwvU to <ro4j|. 
Cniimloil plaster will set or harden, hy mUia^ v^tk a Bi>]nti<>n cf «M' 
bODuie of pfitaiti, ollfion^h nnl lo pi^TfiM^Uy as wUuti liciilml. ^H 

To lM§ vipfirltncnt vq ran rer«rt [U'trr the taim of falling hodioa \M^^ 
b»n eiplainod ; and from the Lolght of tKi? rc^bouod^ the alottluJtx of tbo 
ball may b« <:atf!iirarofl , 

Tba tloKltclLj nf wi^ll annraU i^lazu h 




Fig. 110. Fig-in. /vj- in. 
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nliawn b/ Ibp ^iam trumpei, 
^.\]0, irhoA9 tliEo aatericuT 
vail Ia bont cntvard irilh • 
r&tEJiug BDund vlirrn btovn 

Lilo. A Ijuncti of glato 
threads wrvcft a nimikr pur- 
poH\ Bj olio a f^lAit tube cut 
into n ii|ii(iiK Sve § IT- ^^| 

1J3, are mudc of UEkannooled 
glut, aod break to pieoea 
vrhea au (ukdI^^ ]rtUfIo is 
dropped iritc thorn, AlthoQjcb thc^ nill hcax tbc stroke <if b hajnmer oq 
tho oaiiida Tv*nU T«ry nimilAr to thoAo ar« Kold for taking tpocimeiii 
of B])frits ftom ooalct: lb«j bnte the tmin*t Kba|>e, tint iuaj ho ilfiillngtiUh^ 
fruin Lhs Bi>loi^iiu HoMkA hj haTinv tht neck sri^aiKl ctod. fk^- HI. T^ 
lUV partially anntulcd, nad do not nnflwor nt all for tbU oxperimeaL 

Tbu «Eporjment with the j/toM leon, or iVince Hupert'e dro|tt, (taoda 
hy dropping npltcnJ gliwi hito n«U<r,} Is best tr[«d \>y ^r^ApplDff them la 
pApcr ftnd th«a breaking of the fino pobt In tbi« way tbo Que Mnd 
into irbich the drop follv will otl b« rotainod iq the paper, and tho duif^ 



of fnforj I17 t!ie Mrbg ulmnt »f ihe puUctw bioiileii- The«e drvp«, vhitn 
bfokcti iu & tuiublvr of wutvc, ufluftllj break the fflus n^ih 1I14 rioloDOQ 
of Uie •feooh. 

[T4] 1%^ lofjciVm i*fitjrftt-i'fy of hurtl wirp* U Khovn (tj fjttlttnfnfr ■ 
piflCQ 3 ur 3 fH:t laug Lu m ir«]jfbl of viTcrtJ pouadv Afid »4tS|i«'itdiiijf it 
bj Ih^ oi\wt end la a faaad-Tioc- Whvn the wvii^lit ^ touted out of itit 
pliM or rcMt, it will fraduttt/ Ttlvm Vi \t 

[1&] Cohesion. — Ript^rlizMnU In coh««foii vo pol often undorinlrrn 




f)f parpo^ei <^f iailruclLi^n. a^ thrv i^i)ri^a'TU< a crrAl d<*&1 of 
I^M, «od, irLlhont C^^nfltAUE npHiti^fi Joinl l^> HO fflsult Th<i 
ta of «abciIon exWtinir hflwrvnr, hm-'U t»o very lnhorcd 
dcmovtindoo. All ttrriiri|^*(Dt]iit likH iUaL aLiuwu in fi^, Un 
IMT OMJIy be eon&tnclcd, fwi^h noodcD bwft,) iu which, by 
mim of a ■TUIqi; wHght of «onic 50 Ibn,. parullelupjiiodc 
<if wood nay be lom apnn. Tb^ Inttir an- 4hi)ufn ou a 
liVffCT •cole in Gi|r- tU; ih?v thorild be faced with border 
vofid At the «nmn1tt«i. Tbe drtttauco bofwciMi tha tiro boUi 
toon bo oni^h thot oJtnr ihf? wrtriil Itu tip^n fn^t^noid t>etw^iv 
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tbe l«tvr LT3d Ilia b«M by moaiu of bolu. iw fihown in Eg. 1 15, Uic foi 

[7fi] Adheaion U aIio^^il (1) l^y irn'^xf of icnmnd |>laicft 
i*^ lift, of ittiMa or metal; (3) by piece* of Icwl prvtfMd togvtbcri 

j^ (Hjl>yMui^li«iibro«ch'0oohOBionpUt»ci (1) by glass and ctbar 

Tj pliit« iin inpiviirj nnd wilur; (i) bj thn SphIj-Ii nnlUcT- 

K l*l;ttc fflfljs 15 cut into ri>und «r octAgoanJ picCMt and Iho 
»dg«a gr>nni1 off <>d a frrindAtonq; vroodon hftndloi ar« thca atincbod br 
mfflnx of BPnlmg.wat The pluTni Tnii»t bft ifi^nllj bcaUid nniU ibu wii 
will mdt <m ibpiu- I'i«i'on uf bruWu lulrrot will uiiswtir fur ihia jjur- 
l>osci tJi>jr oohc^fi^'n, faowc vcr. »hc^tjUI lio lc»i'!d before irijinjc to iht trouble 
of fltiiDft op. McUl p1al(!Jt, af1«r bnviitg been tnmt-d uh trao n* puAilbl«, 
motn bo ^miiiiJ duwiK TtiU must be dune with each, einglj, upon a per- 
focll; Irao Iroo pUte or n pirco of mirrcir frt^**^ vitb eand cud vratrr, fttid 
finally ffltb Gae emefy. This platM nmni iIh^u bt* ground on *aoIj oilior 
Willi powilured pnmlop and oti The»e plfltcx r^ijntre much l)i*wir for 
vrifu Ibi»»« piin^hn»i^il Jtt the iibojift tktv itfu^n vary drfc^drrc. 

2- Tv4 cTl'mden of ]ead, about i inch in diomvfcr Aijd kpgtbn aro 
ttuioothecl fmtvrKh ihn tile nnd ih^n with tbe iiiMtbTLlfe; on ]>rei4lng Ibem 
toKBllivr fii It vice, tUcj Edhai-c m doulj^ ah Ici bn lU^^jaraLcil with gronl 
dlfliciillj. 

3, Ma»eh«n1jroi>ek'if adhonlon pUlen Aro treated lito UiOff* iil«iitif»tied 
tti ihv (iTAt iliuttrntion : to uatU tliem Ibev nre 
Qr*b beatcd m\d ihca coAtoil with IaIIow, 
after nbich tliey Din»t be preu«d toother in > 
vjcu tuiil nllowcd to 1*0^1- Tbey will tben bu«- 
tftin probably ft« iniiph cu^U Iha. before topnrAl' 

With both kindH of Adhciiori plate* the ex* 
ptrimt'Ut luttv bo iritd umler tlie roceWet of en 
alr-pnmp, lo «ibov ihnt AlmoApbeHc pronnr* h 
not ibe niri^t intolvi^d in ihe tiaitfL To do tltk 
•iiti,*r4clorily, h<iwctcr, nu urrnnifeinoat oiuitltir 
to tliut iTi tg 111 will ^>e n<>r»]^-nry, TJiig v^^Q' 
■Iflls of ft bonrd with lUnc brou Toili f(iiiib[n«4 
ftl top, nud al ibcie |>oint c-f unian r-urrylnff a 
IiooIl for nnnpctiflifife the plnTei Tbe alee of 
tb'> Umv will dv|ien<i oti l^hnt of Ibtt recetrtf 
ncd ttir-puinp [il:ii». Thtr vtii[bl vlionld nfil 
liKu];: bi^h jtbovv llic board. 

4. TbU experimiMit bs bent prepared in tbe 
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IbDowiii^ ounwr. Ta n glun or hrAti i^Mk U Ailacied a plwe of aeal- 
inpwiu M I^Hi^ fr» Uic fin^T> ftnd li> Uiia a string, Tb^ Kalo-pu of 4 
e«inMoti b«liu3Cie li rop locotl br thU dUk, liungp to Of juit to rcttch tb* 
»iuAkc of iho wM*r Jn m ctip liuton-. The i«aling'amx Lh now *1iji;litlj 
■oftcnod Uiruugliual bj rerj {^ulk' and ^niiluul boL. aiid lb4 ])lalc 
^ to resl on Ibc vrMor; n >nul] tvetifht i« ptnt^id in tbo t>|ipoaiE« 
{HUL Tb« ftdbvtioa of ihv vjuvr b'>ldi tli« plutb, H£id ibe veigbl 
draws tlie »«ahhg*vax nntil ll b«n)m«a perpeudiealaT lo iLv jilanc of iba 
pUtc n w{[| tjti rcftdilj uodtmo^d ttiAt ibc pUtc iniut nut lie A[1r>wod 
to toBch ib< trills of tM t^^fx Ai tho wax vlntcbcv, OU'J or m<jrii kuuU 
■rr RiliRpqiiPnilT nnde on ih^ «iHng qolTI ihn hftlimci^ nfcnln hn* Iho hnrt- 

In tb« »]cp«rifnent, tbu froclj Hiiap^ndcd plaU i« tirjl bri>U|;Lit into 
ef]ul]1liirium hy frralm ^*f diot, ^«ror« celling ibo ca[> of (non^ciry nr reitpr 
nuiJer iu By ihu gr>duid nililUinn nf vrlj^hl, liiR pUlc rrastlns ou the 
Uqatd is torn off Tb« pUte tatul be carefully ciMiiacd. which la beal 
oS^o&od ht vM^Jn^ vrili ilc^hol. and lb« snrTa^o of the norcurjr In par- 
tfcnltr mna be tnc from dnil. For thU pnrpoK* it bi to be fllterad 
tkroBgb m pap«r roac ni hi a gliuu TunneL Tbo ictferior a(i«x uf lb« 
oooo U cat of 10 OA to alloT Ifac RtOEVurj to l»uc fn ou cxccclini;!; fine 
itrewn- The sIuk plato U Rnt laM oblit^aelj on th« mtrpurr tvnd iU«n 
gmliMlly bron^U to foil cuiiiditiaee with tbu ?i[irriicv, lu I'Xpvt nil air- 
bDbfalo*,^ Tbo sam« i^rccuatloii^ are iioctA»ar/ Ln uftSng water, nilb tbo 
txcopiioQ of tbo fil<«nag, 

5 Th« &-olrU wulti«t oonaUtM of a. Atrun* ornicni«d lo a t^oitreic lens 
or watcb'tflfUA. Tbc glasa h ]d)icrd on b gluaa plat« er ixirvclaiii taliltt, 
uid a drop of valor pot bclwcon Uio |[laM aad toiblet; on iodimnfc 
Uo latttf stigbtly, Vie ^a.u wttb tho 6guro larot bdf aroaiid, iL'id bj me- 
nvSwit briJiiIng (hi^ ^]h»* lo ■]EITep>rit nb^Kn tbe flfriirti muy be iuttd« to 
kocp np a coiutaiit aod prcttr mpid rotntioo, CocHdcrrable prnclico h 
AOMMor; to luiikc thU oxpt^rimcat siicc«»rully- 

Aft b often h»^o^le< iMceuary to pour out <jf T««:!tr*)« GILoU wiih liquiJ, 
it Tuay bp yrvW lo nioitiloa Jwr* tliai till" )h{'th\ U |in'Wi-ij|^d fwni rumiin^c 
tloHB tbu fticlo of lilt? teMcl bj 6T9t inoiftUums a glim riKl rith tbc tu|ii>d 
and LbOQ boldisg it Jo t vi^rtlucJ p^vUtoa ngoin^ tho t'vie of Ui« v«eB>^] to 
he rruptlnl - tbiT ]li|[|]d nlll rolliiw tho rod 

(i^ ) EXFERIHEKT3 UPOH LiaUlDS. 

[IT] TTniform transmission or pi-eKftiu'e.-— Tbc rDiidameaui] 
t« of bjdrostaticfl^ timl or tbc unir'>rm lntfij-'i]i^-t'>n of pr<j0uro, maf 
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be rcadtlr riiown Uy Xh-7 taWi^win^ a|>pftmtuA, Thii illiulrat«a th*o the 
ft|>pl{0Alion jf [h« luvr in BrAioali'* prvci and «kr»i un ^xpeiMtfr* model 
at \U\a liMtniiucnr. It I4 iiliown Lii pUn ani) »ctIor^ in Hg^. 115 nnd 119, 
of I the niktiirKi fiee^ 
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til Ite lihin M S ii iuirrtvil thi^ in>ti plcue u a, oa wbicli arv (lit ivu 
cflbdvn AB <iS guD meul ; ^'1 U v^ocUir C iliuim ih* 4lamftUr of ^, ui^d 
th« two aro RoiinecUiiJ i>7 thu utxj C wUli itfl cock JJ. In imch c^vhutlur 
\t tt metal pb1<in, of wbit^b Eh» lnrg«r i* Mluw iiTirl o^jtii &lK>ri«; tht-m? 
Ut ^roDOil au nci-'uraletj ibal ibe W^bf, vthtu bvl into ruLiliuiL, will luru 
ranadservrt) llmB) /rvcly la th<3 cflindor, aiid futlit nir ii^hi; ihoy muAl 
not be grawed, but bcfon oteb expTrimt'iit tlie cjtmduri ivui) pbli^cu 
DDSt be vipei) c-leun villi llnni to rvnior^ tht^ ttu^L Tbe pldlotis ftr« ccrn- 
tKctcd wiib Ueo levcrt O II lj> 11k» Joltilfrd ruil* £ f; »b«c IcTcm urc r,f 
oqiMl kfigth and liini^cd to tbe i!ro««' piece /ciirricdb; [fai-iroaooliipn A', 
whlrh Again rati on (be Mtul^Irculftr iron arcli // Mjirlitj^ing orer Itic tabi* 
C; the ttTcli Is fa^Ltui^il tlowii Id iLtr l>u^u I7 iftu tvij |tlHt<:A iiK All the 
joi&U Are well Uttcd (Uid grouad iHih omer7, »o u 10 have an ca»f aud 
J«t it^djr fporem^Qt. UiiJ«nivntU lUo imail cylMvr li is nxt*d th« KIIO' 
tion tnhe with Uio valve^plece p aerewed to It; iho riiUc ran bB opPTiml 
froni wiUiDOt b/ lh« rod c Ou the Uw plate nrc di^o tho four columns 
*iddd carrTJPs the crcv-platc if; thcy» lui ncU a? Jf, mtj b« of wood; 
b iMt UM they aiN> borad Ibroiij^h and an Iron L<od iotrodac^d* vhlcb, 
Ify mcftiuor ttionnuccc, hoId« tlie pUlc JIto tbobuQ pbit?. 

la »rag ^ ttppu&ttu, a Htiit&blc wa;Gr-ve»Jtl ia pUctd Ijpnealti tbd 

libl«, iJia pLilaM r«inoTC<d, and tbo [.'yimdvn ooimL't^tod tiy tb>j cork aul 

fflJed np t> iho »ma11 vyp^ningn/f witb wMOr, (_|^ on rho nmnllcr r^yllndcr 

can be L'tosed wi^ an iron pin,} In rrpliu'Jnif Lhr; lUKtoni, tlii' aircM:apn-\ 

tbroagh / oad clUr the [cTom iiro adjuntud tho siAxe a mUvti Tut cuou^b 

■7 band or by a virv ti> aIIov whE^r to i>rtCnpo initll hiotli kivcim arv hi>rE- 

tontal W^Ler tnnj l>r dmwn np frtim ;hc Hilijiu-i^nr vp*wI I>/ nilaiiig :Uh 

Pi«l0ft aboTe Ibe opeubg^/^ To reiuova Ibe air eutinrlj, wutor ih puiapod 

^p by tb«judallorcjlindornntll Itoppoart at/, vb«iL iho Irvcr U nrndcroJ 

Ihfjriioatal bj op^Milcff lh« valvo. At tho oulECit, tho tar« of 4iucb \evvr, 

^ilb ilA puiluu, tn 4;stbiiaicil by HuspHi]!t]uu Truui ci i^uuniiifti bidaucQ at tbc 

iMlftta <7 </, uid Ibc wcijcht culeMlatod vbicb rutut bo kid on tho 

Uicr of thtf lftrg«r piituu tu roiint of itiself Ibo pruafaiiro of tbo ^_" 

tiMl|«r. In (bis luru in bLL-1udi>it fi^r t^uib Uvt*f h buok, a^ In 

fif. 130, wilb a tiaal) scalo^p&a. After reHorinjc cjuEIIbHntn 

h ihia way, ooeb ndditioa «>r weight I0 tho Aianll piston will 

i*qplrt H6 tTmcq m nnii-b on IT11- large phtou, t^uva the two 

krtffS buTc chn >4rrir- prcriKt.-unii, In i\i\t. wity thr nniforin 

tnillihilini of pn.'p:^re l>y ^vti -bt cmi bo vt^ry ruiiiiily iibown^ 

ir now the cocic /i Uei clo^od and Ibfl *mflll pUtcn with U* lover 
tnoovfd, ihv opmjin^/of Ibr iijlindt*r H doMi], and tbr ginss tnbo 
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It Hr- y^h with Jto bnm cKp &ftcnw«d lo the ftnnil cvtiudcr, Uion 
ihU «o bt^ filiud to %af dmimd h*(e*l tbor^ the tTirfucu of tho waier In 
Ili« brg« «yUadfr; thfitn hHf^hiA niv mirkoil fn>ia 1 to ft 
>Vir- >^t feet on tlic luSn. Br oaluuUiiD^ the irviKl^t of a <-olumti of 
wftUror Uue sitne hd^lit lUnLof thr;<Liani«t«r oftti^eyli&fier 
-1, onJ i.i<ulaHing Xhtt urn, »a fth«H knov whiH wHKlit 
aprni-ilbi^ tn lUn Ii^remffc ih tu bu apirliod U> llic Urgu pi*- 
Uin to liold th« w&tor Ed \ht mtmH] tube in oqatlibrium fll\or 
op^aing the cook A AIL thmc calculaiioni nro huj. 
» tlt« dUmstor of the l&r^er ptcton U :t itii^bviL. of ibe 
iimillur 0-5- 

Airtln 1 clow iJ^ ond, by «wmj: llie t*K* C, l*t llio 
wAUr run <»iit of ihc »tntM cjhndcr 10 b«- 
l*iw f, r*|>Tftrt* the pT^Ton itt\t\ leiev nnd 
nrmUYt- ihu !e*t]r ff uud tby rod F; a 
blot^b of bccchn^ood, lig- 13^, viii^h litj 
woll on tlia Btil«« and bi^U^m of llio pl«- 
l-m, nia/ t1»tn bo nnt oti th^ |jinoq of Ui« 
Urirt cjlindcr, and aor object to b« presjcd 
bft liitrodof>4vl hiiiw^en ii and tbe crotth 
hpam n By propiTlr worWnif thn n'.tvk D and iW Ui>T 
Q, aiort watcf c-uu bt puicijicj into ibc Inricor cj-Hoilor, and 
the tippliculi'>Q of llio hff of anifi>riu lrutumisilo& of 
sari to T.li9 hj-dratilb pntu b(? tliiiit diiifioii«trftt«d 

With mob 1^ miidt-'I. « irtVHure <)r mriiQ hTinilrurl w1|fb 
rnaj b« «afrted without iujun ; iiidftil tbai of 10,000 Ibsi 
mll^til bo applioil, bm for tlio dnnirer of boodinK Iho iron 
liaw pbitL", by vrh\ch tht* plsilrjTisi inlglit late tbcfr tmy ifork- 
m^. lu ibc dciucrUfiirfitiuD, tbs aiiiouiit of th« pmann 
EV4?taaIl7 Ptoi-tcd i< indiflcnsnt, ttj rolfltiott to Iho |»roMDro ift 
i; being aloue Imp^rmiit ; heac?e it vtll b« «r»U ftf MOn m A 
iLCLualty exirrt* n iireAinro. to replace the hftttd on ibe l«r«f 
/? by a coETO<pOQdiaj]E woijEbL 
Iho iLpporaiQA b viapti^ after iw, by opeitinf? the ralTc o.* 
Tb« «bn]i1eai form of apparfLtnn for this «ip«rEnieDt Is ft iifon^ tin 








mj buJiomety tn abfuil M Borivii 4$30:> vWcu h nodfl of a b/Jr<Aii.tJo 
pr*H toll) fnai Sl« i« ifct, and «Aonu ba moil iop ^onvnl Aemmiiniioti of thv 
lav. 




PBrfl[€jU. CXI-BHIUfiXTATlOK 
•rf wflh tiro cylMrioftf ft|x^riiir*4, lu 

eloMd vitb icood oorki^ ihc tian\>ir«r 
«M beinj; loTtf^ acd cyliDclHoal; ihe 
Wber Must ftoi f>e m>c En mir'* Ihnn 
■ Hd*; tMr bold toD tifflulj. If the 
nwd bo filled witli wftUr, oad the 
■Mllir tatk drtven la Budclmly. the 
•IIkt wUI \k> ftirvr^] oitt. Anittlii^r rfit- 
nl 1D0|' faftT« both ii})?rtarci ^b^^re, cr 
1rt4t««id of the Boono-J tulxj, two eianll 
bolw iBfty be tnwlff. In tho (iM« or top, 
umI loQwIj fitop]icd vitli BU- 

pft] The Anatomical siphon.— Pro- 

<trc a liu vowij], [jj:. 1^4. ci>LiaiBtitj^ uf tno 

ptft>^ ^ und /| Uic former witli n mtlicr atoit 

ifju. Into i^io nftrrow ]i/^ in cemoniod a g:ift«ft 

^^All)^ ■>f iu]j l^rigtli; ov^r the Urger In tied n 

^^HccD of frc^b bo;;** Undrl-rr, nfttr bein; filled 

^^HUi water to tli« l^tn. r&ro mmt bo talion 

^Hi Iiave »n utr helvfpn (lie hlit'lrJvr nnd lb« 

ir»i«r. Stioiilil the btiulder ^19 »tink«ii Id. water 

omit be poarod ioto the other Tctc. unill It is 

fkutcd up, %iiOt wbk<h U mu4t be drixifn ttRhtlj 

roQud the ^{gc of the TeneT, uikd^r ft^t^rd 

tvnu of thn*niJ. and tbcrt llci1 duwi; sucuretjr. 

Oa tiling tbo narrow tube ivhh nnlr-r, iht 

bladder vill be Klretdi«iJ. irtd drivi^n upward, 

no at to Ahow thoi tnnu'iilar ikhfrrt rroviiTngi'n'<h 

Otlk^r By laying a board upon the blailJcr, a 

v«iirht can bi^ impoEfed, eorrutipomltDf to a 

oolqnan of tha height of ih« water in It aud 

the tUaoeler of i4. On pT^rcInK ihf^ l>WhT«r 

*Uh A QV^c> (be imt«r w-ill escape, although 

with a jet not al aU corTUpondiag to th* 

h«ight of pratscra, the opening b»1ng too 

ill. 

[ii^l The hydrostatic bellows m, 

, a niuch ii]-<Tf> con^enUnt nppnrntuia, 
o rfrcular IwjinU of hnnl wocul nrc I'mn- 
to4 bj a «trip of good, aUout; lQath«r> 5 inchea 
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uppcr boord. vasr lh« tsl^. b proiided iriih ft cobicaI «p«H«ro to roMTt 
a brajBt (TTVw, fig. l:lti, Theboudatn EntwvU piloted, tnd ih« katber 
Miv^rbnrl Uffhtly orvf thcra fHTured hi |KNdiBOii by a feir 
tacb. At the neani, «Liidi u t&raed fB««^ lIic wood 
j* cut oot > little. Bud la tbo jofui U placi^d » douctan 
of tnx ani lard, nilh vliicli, well liettttd, tlin tpsllivr 
kbu in »nEnni<i?cL .Siripi of kuttivr, of aidUi i;i.|Uttl to 
th« ihackiit?A» of the buordti, mt uuvt Isonod rvnud tb<m, 
aitd over t)kft otb*r Ivatbor, by rottiM of a «loabU tow 
nf i>ii}U« driT«D ctci«« together. Th« bT«M icrev, tg. 
I jiV u liuw jtcrinrij iiiLu lh*i \v^ liunrd. TliD iMilltJiiifc »rt 
Alkd trith wutfr, throQgb tbc hole tn liic ncrev, Uto 
whkh lA icrvwod A gliitftf tub«, m ivprv«L»at«4 in fig^ JJIj luij w«lgl)t >uj 
vow bu pUreil ou tliv ii^p tinnrd, u)d fruca Ibe belghi to wblHi lbs wAtBr 
rlMs Jo tbt tobt. Odd tht diftiaeCer of ibc bate, wc ubj calctibite iho 
weight llie woigbt «ppli»d miut be vqnul to tliKt of & culuma of v»t<T» 
tritli ft dbmeler oi^unl lo thai of tb« bottom^ 
utd B ticlRbt r-qcal li> tbo iHiUknce wliich tb< 
wulrr riaci m ilm tube, 

L^oj ProsBuro upon tho bftBC.— u&- 

AMfit thv Af |>»ratit« ■[■f llikldtii, that or r^avftl. 
luaj be rcci^niEPetuiuLl, n« afrurdluK tltr o\>^ 
loniiy or iDCftMiriDf; Um> presaon: dlnctly 
wetghcL Tbe followlb^ Is & oosTenleat U 
fi\r lu nrnrnf^mnnl : — 

A D Cdg^ )2T, i« a trimiraW Uoord. nb 
l«Tdin£ «CT0«3, CXI wbich vtoudi tlic 
cylinder XJ, Ijf:. i2S This ii smoothly 
MQcl c-oiMiLhiri A pUtoii £, flllln^ vKUr t<|eb1, And 
of such tbukncM u to go ^nlircl; be!gw ibe 
eock i'l Id tbe bottom of tbe cjlindor in 
opening for iba tdmlutoA of ^Ir, as oU^e 
th(^ pJHtoti ttouU iLot Ut inovaUe. Tho pi 
Uas ■ hook to «Ilov of itA bcintc oltAcbed bfj 
irlre to ono ude of a pair of tOftk% i^bite 
ftppftntVA cL«Ddi on tbo experlmmtlng itb 
Tbe glass tmccIh U H. IIc& 12^. 129. ftnd ISO, 
of Tftrfou* fonoi, Imt of nearly e<ta«l beiBht, 
mar be iwffwed od tbe cjlioder I}, ty taefttu 
of tbe t>r]iu flitin^K, r; rj -/ An oi^nnJ height 
«bui« ibc biM u marked on eocli. 
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Inlaiice by iiN wire for lli* purpose of turia^^ it; il U tbcci br>iigLt Imck 
to its pJbTC ud the ej^tindrioAl tes- 



Fi^. 190. 



r*gA9iK 





mH H ncroved on, tb« pf^ion a^h 

AlUchud l<i tbc bnlnlii-rr. iLit<l thn 

boAfd ABC wroiLproJ dlr«c-tlf 

iuil»r tb« book. Tho vriro miun 

l*e )Mig eooagb to dlmr ili« Itftl- 

npue to flaod iorijlouUi1l;> '"hvu 

tbo piMon 18 ftboTo thi cock E 

W*tcr » iLOff poQPtd in Dp 10 iho 

mirk, aii<I iti iL« oppuvUv tculo uf 

tbo balaocc Miun^h Aci^bl adilmJ 

lo prewrvo tqailibrtQin. U dt^tlr- 

alile, we maf cuic tbv wctgUl at 

viikJi tli« iJifti/ju LvijiTu i4i BLuk, uud Ihut ut whinh iL iriiTamQucvs lu rise 

■filDi 90 ni^ ob1*fn tiit meftD, «al to i^tlmiEitito tho t«r7 tligfit rrbllOD> 

the piftoD vbould aot Im gnaaod, dm (ii ti^hij without ; ia n»y oa^c, oil 

wm be awd Blirl BUI lurcL Thi» wfre bt naw nrihooVtd, and tli^ ptntfjfi 

ilovtJ (9 Aluk bulow the cock F. i\ico\i]^}i vlildi ihu wuf^i' 'jsuujkk Tli« 

WM vedcbt wlibh VM fteecMnry Tor th« cylimiTcr or (luiform ilmmotcr 

vUl ftbo rauDtmiii equilibhuiii wiicu nn^ ochor u^adI, oj if, U eroplojed, 

Xo eiperlment for o^tSmaUug: frk-ti^n cmti bi* tijhiIa vttik th«M) vd4«uK a^ 

ttio lidiclit of the coldEnn <>f fluid vftrica wlih tbe motion or tho pittoti. 

Wc nuj oko oaJmlotd boforehaEid the Tcquijvd countcrpcuc from thfi 

dtftiMtor of the hMo And ths known dii|>t1: of the \jhxmi helow the mark. 

]f tb« one tcMwI be bcUjall; of cipnt tlso with tha rjUailerj tha wnlcr k 

il mftf b« poarcd into the oppOAiie koIc 

\e thaw IheL ib« pmsare on ilio bottom 

is renii; M^nal t/> l)kP wnlf^tii nt ibn tiiaa* 

«f iratcr wbicK vra,s in lb« ciflindcr. In 

ttiii CBK, hoiroier. ve mutt hot ovoHoob 

Ibn w^ght nt tbi3 other pan (vhli^h Ik 

ituchrd »ii iirdvT lu bultl the nEikT. 

Uwof lh« iiqaitlbriiimor «*rioa« Ui[nii]A 

h oomnitmit'itrri^ vcvh^LSh und |h(<ro- 

ion UEilf &diciit4 of ftu mdii'uct csii- 

niUlofl of the prtiinrc en ibc bottom, 

ft il R!pmrai«J ift Hg, L3U tii u box of tin ifl rudlqied Ibe bent ^^^m 

liAva&i', whicb^ ou the one side, proJecU above tho bee, nnd oq the 



i^^. 13L 




M 



MirSICAL EXrKUIUBHrATlOX 



oLh^r, cnrict in an iron cAp with a fltopcoi^k r Th« tube ii Ell«il vritb 
ni«rourjr n«:ir1y up to ihe i^ock. On the Ifno cap c<in b» anvwed the 
cjlintlriiral viui^d f£ wlidi in (lllrd wIlH wntnr and llin beighl to vlilcb 
tho nercarj ia lirivoa in tbc otLicr kg iniiicatt:!! by iha flid« p^ If 
other Tauelf tliaTt vf b« sensed oa and llllvd Tlih w^tor uji t^ ttio 
samr hpljifht, Hip inirn-Eiry will ft1imfi< rfto u bufnfn In tbn pr^nt p. 

SbiM the T«4!n;U vhkb «rc atucbod iusltocl of cf w« o^ver high, uid 
tho mercury c«nuo( l>o rixtKcd ab,>ro tho cock, U l9 voll to poirr a Bttb 
colortrt iralfT fn the (uIm* n iu an inilpx. 

pl] Tho upward prefisoi^e of water.— Tu t*ni» «x(>erii]i«Di, 

vo mny make d«o of ihc f^lnffi chinmoF of ri larnf). fijj:, 13^. 
The lowur clgo U ground even nad HmthH wiib liac ^mcrj. 
For iht htkUi}in wer mnj Uke a piece of plat.^ glaM J, vhieli 
iscutroand nnd thcti ^onnd crcn on another pUU vUh 
ouerf; a airing U otrraenled to it irith scaling- imi. The 
Firing U rafjljr Inrn ntT from thii; gEnui pktr^; It b there- 
fore bclior to make it or brou. A rciunt!c<i hrou ploi^ Is 
rcnivutCii to a ploco of nood luriit^d ruanJ and cvcii, and 
Ihen grouml plunr. Whtrn xhln h don^, n hole It bored 
throtigh rhtf iniddli^p n hctqw rat, an^l s 
Iiook iDftTted. Tli« boob, in pUce of bcms 
sprowcii in, mnj bo nvclod. 

In tiniiij? ibf^ iippiLrninni, na grn«te ramc 
\h: altovrnl bclwQca the plale and the eJge 
of Ihc glass crlindor, ns this would proTC&t 
lli« plau Trom dropping o9' ftoin tb« lube 
whru dmnu ^rifliibl]^ out uf Uie vraCcr; 
aud ah<j whci; water is poured Into it, 
imbp£ lh<T wat«r troa raistd biffbor wiibb 
than wirbouT, To make th« apparatus 
Doatcr nud more durable, It ftb^uld ba faf* 
nlflhfiil witEi brajtj mouittiuf^ a« «ecii la 
fig. 133, vliich BliovTi alao 1b« modft of 
ninlLEng tlifi px|mrim4:ut* 

[j^2] CommuTucatins veaseU.-* 
Two glau tabea of UilTncDt diamoters ((bo 
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* Alt UiflH nfwriiBCBLj acCukllj inillaate oa9 uti lh« Mmo law. Kt*t7 t«aah<r 
«IU. bowuTtr. k&T0 ulrHdr l«rii<<ii Ijuit 'ILfGiiub Jl in tv vmlttjt Io wliolMra te 

It li IhcnfarA Dr>l aI all iDporflaaui lo Utmlrw ih« Uv by Lb« uioit T«ri4il 
•Ip«ri«eUl. 
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ASt iifii morv ThHTt J Inch) atr irrinvrilcsEl Icta ft la«w cf lb, a ft. 
g. 134. To em|>bj mcircur/ nud vaUT. u arraogcmout lllu ihxkt of 

tahe b flhoni J bch '^i' *^*' 

Id itioJBwUr^ Tbo 
SNCVvrr Ss Or»t io- 

of a fbmnol Inio iho 
long Iqf ninl tU^i 
iW irntor Tbo 
totonntbjr which tbe 

coe colaiDQ extf«iLi lb«l in 1h« other in 
io lh« hfljr'it of Iho colttum of w»Ur 

TIk *siii"Hini^(it in ulm iTninipiffp \n 
or fona, la whkh a pftrliul vjicuum 

«f<(«tcd almdltanooD^I^ in two tulies 
foaneclort toother ^ml itfl^rlin^ In dlf- 
ftrtDt llquldft. Tlii^ Utiuitli will rih« Ui 
■ baght tnToriicly propctrtioiinl lo their 
ipedflo gnrttivv. The bwt wuy <i 
ttkklop the ?ip«riioent Ik. ufj^onlin^ Lu Mi>hr. U^ \\Ai-.^ thu ^iliIr of (he 
tabc^ Ibroa^h i corh tl«il (lifC. 13G) iut-:) lW cnourh ot an Indfa-nMoT 
bOUi«> Tb* boUlo ii iircHutI to^fcther with Uo httnJn nrn-K rtttirnin^ by 
lEiown flliw:knf.j, ^nrta nji ibe lit^EiStta. A rule *paTo may he marteri on 
tnboi vith iniliau'lnk* 

[S3] FlOAtins bodiOB. — To dcmcin^tnito Ihv lav, that tho center 
*r gntitf nf hof[k>i r[nm*f«od \ti wnlor, wh*n ll <!o«fl not oo(n?td« with 
tbu oif the wnlJTr (iMpliiccnV man Ho 'h*n|i*ir th^m Ihli, n ]iioi'(» nf Irail 
Mftj ht cMt in n cork, and no ailjctttf^d that tho apvtinL- gntvitj of th« 
nam ahftll bo ^qDfll lo thctt of wati^r. ThU ia <'iLolly AtuWiod ; bnt anloe^ 
thae<^rk irlrel*^! hi- very frrf Tfuni pjttilips, i( will not lon^ rcmum no. 

To Mhow tbut tLi" cerater uf iri'^i'Mtjr of u. body fluutin^ ou nakr df^ea 

ot DOcoMorUy Ilo doq^cr than thaljjf the vrntor ditpTni^il bnt Ihot ite 

']koadtioo at the oamo tfiae will nr^t bo nrbkrurv, wu inif make mt of two 

1i|iih^t rollera, one of them ntrit<1rii(.'fi«<t of v^r/ light wood, and thu 
other of A <ork ( to S JocboK in d<ninot<r< i^neh rollcra are ia tMlc 
«qntUbriam milf vUcn tbe ihort flxb of the cUipsr *■ tcrlicol The plooe 
4;^ ihe inelni>rntri] m may aha b^t marked ajion ihf hiuinj If It be deemed 
expedient lo go into socb minutlir- 
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It mty rtddilf be »b<i«ii bj tlic followbff cx|Krini«Qt. th&t Dsd 
tain drcuEntini)pi!ft Ihe utiutor of i:nTitf of llodtin}- bodiu ttvj li« At r*il 

bnkM viro or u CM-lliJilf r ut' lend U in- 
flench iri > tari^ ctirk, u Ahown (;f 
Imir itU[> in fip. ilil, liDlf'Way btl<rf<a 
fTcUer luiU (.-in-'uiuftfrruLT, mid nvitf 
ilic o}>pupiiio idda u UiiMLvr rirOi If 
it Ito rifrljt]^ nrrun^^d, llio (>ork maj 

llual witb iLe lurgcr vlr« ilpfi«l 
IUUbI; but wlii;u sJiaWL'iJ vrrjr ruujch 

it irfll turn ov^r. Jf iIk^ tiji<.k virc be too I1CAV7. It c]a«y bo reaudicd 
(!UtLiitg tbo eork und t^lini^. F^r ttio oork in Gj;. L^^T, tlw largo v 
uFiffh-i 83 gramnici^ and I'lv ffrnnllnr 10 (rninimrt. 

Tu ahow lliav a OuatJiij; Uidy link^ tjm*|> i'Uuu^^Ij lo di»|rlikc« sn Mnou 
of ti'AUr vqij>] to iu own wcierht, l*hv a thi vcbcI a or S iDcl^a in 
dfA>B«tor, tPEili u 1iiL«Tiil outlet nur (ho ittp: fill Tfii« njih vnicf onlll tt 
miw orvr. A MoAling liorly of ciiiisi*lf^ru1iUi slaw U lL«<i Inid iii thr vatrr, 
and th« omjunt ilbplnccd cnujriii ra U ciicftptu ttcat^ th« InW* tind eqcaa* 
urvd or wcr^'i'Jd; thif nrclfrht will be rL>nnU i^qunl la IhAC of ILe b^dy m 
prrTlmiKlf fKur^ruTnod. A pi'ii'? of wood i>r n projirirLy Iriwlrd i/liua Imlb 
Will be U'-il f(ir llif flom, Orr-iil ['(tn* i* rc<|iifi'c'0 in tliis oxfiuHiuCJjt. 

[Si] Iioea of woigbt in TiF«ter,"Tbi' oppftmtue stiorm tn a^, i 

Fi^. 138. 



] 




K iittciidtd f>rtbG dnmonvtrmtto or ihifi U«. It consists «««enlift1Ij 
a holloiv cylinder <*, wbicb i?qd bo Kue|>i>ndod froTii a pan, and boi benvi 
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ft hixik no w1)Irb mn Im tmng tha tulld cjlfnrlt-T p, AilIii^ fxnutl; in £-. 
The two c:rliiulcn nro ii«>w sq^poadcd on oim end or a btJ*DO«, ftflcr 
fCttoftftK tha nirftk'pan, ftnri cquiMbrinnt rciiUirod bj iqmqi r>f qncif^Ub- 
A Tea*l of V4t«r in n^Kt icl iini^eriiMilli, In whEvh tlii^ uyliiu1«r ^ is 
wtlrelf aabujvrfcvd ; tb< eitalliljrtum will tcmln be dulrvjcd, btit rvitorrd 
hy eaioctly QUifli: c niiU water. Tbe vcb^^U mar bo made bj tbo linner; 
but it viO M belt lo conifm^l th«in ur t>rM4, »Dii inrn ih'^m «» thni p 
dial] Ht UNTQrsU'lf Tn r. 

A rccontl rcrr inKtrncrtlrc cxponmcnt mnv be made vltU tfi« saao 
•PpArftluf. A ^IojM oI' water ti bA^m^<:4'tl ju onts aenlt> ftfl«r th« <ri'li(id«r <■ 
bfl4 bpfit uisfiMiiti^d from thp t)E11n^ On AiiApnniliiig ;> in ihtt ii-mpI of 
Vftlf-r b^ mcnns of ft fttHo;^ 1ii!ld in Ihr? hmd or attached t<> & dUnd, cqal* 
libriam wili Ix- liirtturbrd, a&d ti^'utu ry^tured hy lil]lti[? v w^lh waUT. 

[^^] Tho Carteeiaii deTlL— a ^Ijuu bulb, J lo { Inc^b in dUmfl- 
iTT, iTitb ■ lilUv luW tfinuiiiiiLitijT in ii tluv u|i#rture, 
UlostrmtCA tlio principle of this «xp«rtincut much better 
th»o tho ordiniLr^ lic(iiri>< laodi? ot o|>n4]Liif, i*ul4>r4i RliM. 
Both tbu bulb tihd ftfrun*^ Hri« tWM by ^nlTe wtm* 
ia^ niib > Apirit-lamp and «]l)ii*qn«iit imnu^nloi; of ilia 
mptrUiro in tralcr Th« balb fhould lloat noar tho naf' 
fftcv, ud ftrjy ^vt^Mi Of Tat«r nsj be reinr^red bj 
snctloiL Whmi lh<; bladder llod acrou Ibir hip nf rhi^ 
Tcwel. G^. 139. b iirosi^d upon, tho bulb will tiiak. rt- 
tareia^ irtien tJtP pr(iafdr« U r«iiiov«d. When thr* 
BptHiMUH ii juttfndud to be pr<rmiLiit[a, thi? ivau r i^ 
nixod ritb Alcohol, nod the bladder rfii>]&c«d br lEnhi 

[S«] DotertninatioQ of spocilic gravity* (n) 1Fi/ArA«AoJ. 

ailc&— Tie c«(i>^ra( tatr'h: of rir<>(^t:iliir: iii yfal] kiiavrii, luid tlie pncUutiouA 

accoAUfj in ff«tgbiu^ will ^l^ f<mnd tinder th« dcj>rr'ii>ti<'n of ihc baliiThCc. 

Tb« fioott pOfMEhln mU^ mn^t hi> cmfjloy^d, uod, if Ib« wvij^bt uf tho body 

oJloir ll. A hunuiii bmir, wlih the oil removed by \j«^ Jo ehUvr vaso, tlie 

w«iirbl of tlie wire or hair miKt lio owertaiTicd. An aitftroidibU error in 

Uiltf iB»cfcod Km Iq th^ fact th&t tb« lofi!» of vt^ij^Ut of tbe hnir in water is 

luvTrttinl f Otn bjwiy m^^jrlind. This ftfror may trideoil l»* ft7'ildi'i1 l*y 

placi*; t)i9 boilr ia qnu^tlon tn a gliu^ rt-sicl vitb RTimnd c«Tor. as in 

doa« Willi poffden which nro lih b? dotertuwi4>d. Ncf^rlholcM. M tlu 

•rntibllEty i>f awry bnkti^r dn-rr^aGoit wUb tho Tnftd. The* posflblo (itivT of 

ve%bki|f ilius bocoHiea ^r«at*:r, niid nluiic Miay ojicvcil Uip Hlij^bt \a%t, uf 

Vfighinf th<! body. THda n ;rrt--ater error will In ^nertkl be incurred 

tlinn th« one iotended to bo bvo^cd. 
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Por palrcrnlont cr soft organic inbtUacoM, tt Kraal] bolUc ^th pronnd 
«top|>er mnrt lx» tin?d; for Urpjr mu«VA of toil coD(i«(ency, a smlt-pta 
Jii]4|irjid0il tjj lh« flaeU lliryjvl, \.\te jiiiiuluif- wi<I^*)Lt of tytldi =r;i anil lu 
tpeciGo cnvitf «« hftre bocn prcviooslj otcLTtAiitcd. tf iho irdiclil i>f 
tll9 body ba |/, ud Iho JoM of weight of tho b-fLd« oj^t^m n, tbo npccilio 

grayliT of tbe bodj will b* ^ " '"?, 

stibUvicUxl Trom Ui« losi of the wliok irttciu, giv«a ilie Iom of Ibo lighter 

Fur lit|iil(U, wn Qinko im *lllinr ot a rIoa wwrl with Kn)mic1 covtr, or, 
StlU l>c*l(erH vt one mill Diirroir tuck nud & tienaofnctrr tu.U? f^roand in 
fti A 0t>ppGT, In tiie Irut tmo, tb^ oiJdEO of tbo ^ut an<^ ll\o <x>rcr arc 
groaod wUb nml and water on n pirmc glnn pJaU; when rhc lond 
him L»iiL Hver^wljer* milformlj, kviipiLuHl mavrj is «m\)hyvi\. nml tlie two 
jrrouu4 oc «tach oilier. If a stopper U to bo ifroaml In, tho neck of Uto 
Itlats GtOBt fnd be ffTuund roii^bk by moan« of ft ooniccl hnun Up on ft 
lutlif- THk )i^l)t>tx tutK*, drnwn Ento u tvmie:!! ><bttpi^ in Ibe laiup fliUDt*. (c 
Lhtiu ftLtti^iK'f] iu tt diuck uii (bt! lulUi?. nuU ^roniid Iil thft ueck of Uu; 
vCBwl witU unnd nnd cmOTy* 

The bilt«T prouw3( u much ntorv diacolt U>m ^« formern Ici nnj com 
1I1C I'T^cfL^L n1u.1i itis as tigbt ft* poftilljle. Tbe 

6 filled nritb iTAter of a p^rea motin ti?m|>«fDlDri?, 
Any 60^ I^, AM ftto^rtnined l>y rep»at«d «jEp?rl> 
ineiiu, Hud uinrked on a i'?L['d Ktloctivd to ibu 
Apparfttns. or el^e ecrntchtd on tbe iflnw. 
IntboeaH of liqtitdiwbLcbe^a^iomtDrvndily, 
UK hIooIioIh Xhv wid4^'[noalhBrI fvtiv\ It uot a 
cuiiviTiLiful OU0, lis Ibc liqriid pr«fi3irH liuI ticts^veL Xkiv vl-!i%cI 
ftod tb« cOTCTr AHi) cTApor&tci coptouiily over tbc lan?o ^if^ 
face ; in con««'fiiciu<t'. vmnll bn^jldvi fi>rn) oq thfi inner vifl of 
tbc rrtsM nut} whnn l)in wujffblnff W nearly nmnpWr^<V wMl- 
tioQnl ircigbt must be coEitinimllT tukoi: utf. If u i^Iiai les- 
u\ with tmrrow nei-'k be noi at haad, wo mny woijrh isoro* 
titfuliiblc body in ili(? Ui^iiid. and ibon Ni wii«r, tbuM ohlftlninfc 
rcfyaccundti rwulU. In tlii* cam. K will bp l>e*t to aw ft 
moMTft pitcp of ffloAf, or a ^}im bnib, au innh in ^iain«t«ti 
A^. 110. whicb, before MilSog; up, hu bMn lo&d«d wiib m«!r< 
cory. latlcwl of abulb. a ^la&£ tabe. l^g. Ill, 1^ 10 3 ini^lit-^ 
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iLbd ^ of m inch wide, nuiT Ljq ccuploycti. It thooM be iQipendiMl 
'% wetf fiD« Itlnliiin Airv, tu ulinii uT tbir Jf-Lermfoiiliuii cf un'JiJi. Tlio 
weifchl of ikc bulb id glr Kod in w^ier of iriTcn icmpcrAlurc U awcrtnincd 
and B)Brii«d down, lo u to render oatj a virifzle wvi^bln^ i]«cvm.rj- it 
U coiiTtiiknt to li»T» t pjwe of 1«fi<l wlilch otaoiIj t'nUnciTA the bulb tn 
tiii> aLf; when tb[« b iaiiiwr«d fn a Uqaid. th« wcljfbt i^lEtci^i \\i the 
nbortor •ob'pcui gives dincU/tbe lorn uf wdf^fat Unior ftU circum- 
■uii?«f,caro mnst b« uk«(i thflt no ftir'babt>1«i ndharo to lliv li^d;- 
imincr«fd- Carofd clonniliLj: ^iili altolu'l, if nccciHifj, &ml pfcriouM 
wetting in uuother rewrl of frnt^r bud pa^iiJD); m cam«r»-Lur pencil otcc 
ttw (srfiot, will g«Dftmllj securo the dcjiirvd 
vnd. The raolh^ JukC di*H7lbHl htu thir ad- 
TflBtege of r«<|iuriTkf; rnrj Utile uf ihc^ liquid, 
vhkb b on<ti drslniblc, Miniit« CjuanCLtlot 
n«f b« v»i|{bod i& a littk pkpett«. IJko n^- Ml, wTiich i* filled h; huvUoxi. 
A neiT tdpnim mint \iv. i^mploypd fur rvctj dilTc?rtTiit Kr|Uid- 

[t^T] (6.) WUh Nichiliton's arttuntitrr. — lu tb« fkrrAnKCtnent of ibU 
appftralQf, it will bo Touud cofivvnlout if th« mora iu 
wbifb bodioN aro plAcod fn wclf^hing 4>ftn bi> iaipvtnJed la- 
rafted, '" onicr U> ttdiulL uf bu'iiij?^ tvhR'li ure Itchier than 
water bdhiir placed undornciith; tbii utny bi? dono in tb« 
Tona repre«»QUd in (iff. IIX Wbon it u iiiTHC-ud^d goI to 
ute ibe ar(M)rur^t«r f'lr liquid*, it It injuW of Ihin l>ras» ptale, 
aad cafu inuBl be taken to luve tlis budj conioal at a. othcr- 
wUo It wtil Hink too nil lid en If whon cvcr- 
vtlirhicd. When the intlrutikctit bai ooi<u «nuk 
to the p4ii li IK) ait to wet It, It mu^L be driod; 
bal to AToId thli in>uble. M well ai to prevent 
tht conlavt of tlio 'i<i4inica^at with tlio »ldi>e of 
tbd glaai, a wire fork, at lu fSg. 144, it laid 
ttcnjM L]i» top of tTie vfufid mci iu to uiubrnt^ 

The 4eQsltif«nH>M of tho hiarnment dopoudj 
upon The dolicncy at ih« item ^r; to htru tbia 
tEiervfure &s tbiu u [hjardbtt-. ii la uuiiatrut-trd nf hnni, drawn braai wire, 
flcnfw«d Into Ibc body, mid Aolderod with soFl. i^Iiter, lo mnke an 6at* 
ttgbi joiot. Tbt iQiirk ia tbo eeatof cf tho stern i^ a line tilo ^.-ratcb, 
nmuiDi; entftely arouTid. 

BodT, pan, aud ster« are Tuade of <^<lii)iT widlh. ho t» Lj be kepi tn imc 
paper QiM^ Tfie vioro nnd batb arc kept in a tipoclal division. The 
propotlioai of tite ihBtrumetit uudt be tnch thal> when eiaptjr, it fiboll not 
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rink tatltaopp«r cone, ind.vbcn5nnk to tb«niArk,tbo limit 4>f>UbloGqii> 

libiian »hmJI lie ncarlj natli^U, »a tbat tlio ^rout^TBi i-*ptLntj nay I 

obUineil En |ir<iprirt1on ti> lU illmen^loQL With tlt^ dlneoiioDt glv«ii to 

ibc flffurf, t\iif will be aimincd Hltcu llto lirASA uncd ilm^ ngt weifh oTcr 

0'5 Krnmrae tothr ninar^ctntimctar; it la rcdnocd fli>iQ«vbAt in tliicka>(»t 

by linifihmg Vi{i\ |T»ml<:v-«toike i>ti ibo Jutbft- A 4b4«p sub^Utule for th« 

l>rA«4 iTiMrncnrni mny li^ ihjuIr nf h mnilirbn pkinl, lij flillnfr llm mfiif 

Fii 1|5 ^^ tlis bottom p»rtinll^ with K-a1iEi;^-Rtti, nuJ injifrtin^ tho 

^^^^ fitorn iti tbi4; allot art loeloAcd in tbo pbUI »Qffld«al to 

[ uaiifiQi IL t<> Itonl «TaH thoufrh antirdy MobintriirttdT wb«n 

I WirtglilJi ujR liiM ori thu jiiin. Thu coik is ibon parmi nff 

fl^^^ »raugih Dtid (.-oicrcJ wLlb ecnlinjj^'wax. Pig;. I4S tibowi 

B^^l 0iicli DTT trc'jDic^tir TIlo snbsUnCQ to hts we^hcd i» laJd in 

■^^1 tbo mvitT of lb« linttnm, 

B^^P Fnr I'Ui^h iunLramertt, tlic ircigbt requiriKl to ulnk it U* the 

^^V caarb &t ft i;lt«i] lofuperiktiirD muHt bo Accurately ucorttiiwl 

IV nn<l markfid na il; il nMI tUrri liit only i>cc«fl«Arr for obt^la- 

*^ in}; IliK i\dgb1 of \hv bnily in ttlt to dednt^L ib^ ftddltfofiJlt 

wcLicht roquir«d to bHitg lb« attrin dova to tbo cuark from tlie nboTft 

quantity. 

All ihwp iDitrumtnl* &rc more (it Io« inert, i\tf. vitb tJie wuine "wifbl 

Oity fyninln ht ditf"?rrnt dyiiTb-* \i\ llie *ut'*r The weEjjJil muM lliertrrora 

be «0 itiljmiUi:! that Ukc in^triiutvnt Hb«ll i^tcllUtn lo C(|ual tlLflanccji ikoTO 

and b^luv tbo luiLrlc, Tliis t$ easily dopc hy f^ently miliar nnd ftinkinic it. 

/Vi 146 ^jf'^Hnl citre mau be 1al(«n lo remove air^bri^iliK*!! from 

tbeWuAof llio«iuvfl. vihen tbu/are r^iry upt tij udUcre vi'iih 

KiTJftt tenacity. 

To u*o ih« areometer Tor Ijodiei lighter than wat*r, the 
ft1«i« U Tnvetroi!, Hk In %. ]if[, Atnl fhft lioily plxoerl under 
It. To uw the insinimcnt hr liquid*, wcifc'bt the pau imtU 
it »ioki in thv mark to the tt^tt liquid. \t» satire ivt^if^ht 
(vhcn not Eoadtjd) anil tbo tare ari< mitrkoii on Uh 

Th all ilifn' c*i>frluion[». obnTrvmion* uf If [ritiemtiirp, 
mill the <M>TkAt(innnt corrwliiina, arc indisi^cnsftblp, F'^r aim- 
plo imtraetioii, bi>v»T(»r, tbta may be poaAod o<tdt, «« ih^ 
«rroT arliTng from ibltt omission cnnnot ^n^Ily Mn'>[iur to a 
Holt of Ihi* flpntTjiI p^flc^e i>t ilerSinnK and (bit i^r^In^-frienrv 
of an rxpcHmont vith n tabic nf fijiecifii^ fcravjtyii ffulVdcot, 
if it MDoh to thiA ^\iwc. 

I'o c:ip1dD tho theory of tln't Inntmmcnt, take n tldn |ttM> tnbe of at 
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vnifbna diUMtCT iA potnbilVr ftboat 1 coatimDtcr in tiij^kova ooid from 3 to 
4 ilMiawt*n b I«iig1b. Clot* it belov, makq Ihe botiou «TeD^ ATid vldeu 
the Qpp«r mil nilffhUj, to uikc olT the »hArpD«w Plivc iMk la w&ter, ud 
bsd it wHh tbot uid aonw auE, auUI rt iwimM rertkaltv. Diride the re- 
Miialog apAce into tvo ports, a A, fig, 117, uid c d ^nto 100 aquaJ pftrts, to 
tie Ufd nir nti n iJIp of piipAr, ntid (-nntlniirLi orrr ihf^ kj^iu'I^ a ?. 
Wb«ft tlje uumban ore properly mtLrked, cut uwfcf ibo Liircetb ■/( 
cr iV A^ attach <)ropii or ««ftlia(f-«ax to Ibo f^ur o^roon of 
ihetflip, viiJch miiFCL Iw nbuai Imlf lu broiul m itiv (Hn^tLnif<?r' 
eooe or Ibt IuUl The paptii' in u'j« buot uver li Llivrmom9t«r 
tube, and piubcd tato th« tube ontJl the bundrrdtbdivixioo comfti 
oppocit* 10 c; It in iben altuclivd. b/ gi^uil^ wDrmiDg ibo lob* 
oppolto to the c'onipn of K'hling-wax. A oork, jiruvlou^ljr 
MBtcd tritb scdiiiff'WAK, U tHoa pliiood in the opcitiirc. Tbo 
Lowliftg of lh« tate tB to ftrroni^d that ihe 4cilIi> sliih.^ to ttie hun- 
dnvlth mnrk, vrhnn frampfiwd In VHtur aI thii tninpi^nitiiTvn^iJTnnl 
To v1>lun ut fuleudod ttt&^> it will \k mx^cuary tu hate tvo 
LniUaaieiiU, one for he«Tj, tbo other Tor ti^ht liiiuiJn. lu Iho 
fMO of tho TolnineiEr for Hqnldji IiiTAvkr than waLur, lh« sral* 
iDijrb« lAtule diTH'tl; ; fur tiiu Ij^litt-r. Luwfver.lt wUlbvucces' 
wrr to Mko ft Ilqjiiid whoso dcMity, ha 4ci«niiincd by the bolaoce, 
iiO-H. Tbe point to vbich Ihi Tolumetfrr t^nU vjU tbcn b« 
ISA, ftiiJ rJi0 Interval beiirvvn thf waier-mark ftiid ibv oilier ik 
to be divided ioio 9fi p^rtiv ao^ the rom^iaing space on tbe 
•MDe anJo. Tohrably wide tnboo arc nccOKftry in thin modo 



of coQftriiellon, ao4 ihe de^reefi obtaineij 
■n ibon: thof mAf be coniYnlontij tv- 
pluod bj nnrroir labvn, lUid lufp^T ^iri* 
aiom^i for thi8, huwevor tl will bo n^-'cos- 
Air^ Ifl hat« n hnlh at i,he Inver end. It 
irUl be found clic'iipo^t to purcluwo «ucb 
iDAtnuDeiit*! tbv7 abould, iicvonb«lcA, be 
tMtod Mofe luiQg then). Tbra It doue 
by IkiMftnloti Ln a lii\\M of know^n apAclflc 
BnTltj, and obvenrififl:— (1) whether it 
imticfttM tho cuaa npocifio gravitj^ (^) 
vbHhtr tt alQki to tho pro|>or murk m 
|m ■fttor; (3) wbei}icr tljc dvgr«f6 ure 
oU «qc4L la order tt> be ctaito t^crtoia 
that Ibtt labo U orcrjwhurtj of the name 
Ibttknov, It taoat bo t«8t«d in »«Teral 
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UqE^dl of known epeitjri^? ^rjivitlu't, tlowc-Tcr ufmpli^ t 
folanetor tDa/ bv, it U u^H m in pnu'lkc* o»d kah nevS'i'^vSS^-fBto 
extooKifC uw, W it hWnys requires f^omn calculntion, crcn if qnlto «lBpl«, 
ind promlM* no proaier A(H.-ur.VTV ih*a ttic areometer, vhich ii dtTidod 
dlrtrU/ for tpvc\^<.' ^favitjr — ^jtilj ili« uTurncjr uf iu gnuiualiun b niore 
cwTf ccDttollcd. Th« rollowlnff mothoil is to bo cmplc>/«d for areonMrUre 
of nncqaftl dlTbtopi, 

[89] Testing areometers.— Th» ^^ndaHiion eb i^a <iova oa tbtck 

popcr* oti ft immfivtinl Inrtct^r Kralt! ifiiui roald ponlblf be used r>r tut 
arvomclor Onlli« oaiirctoalc idconAtructoJftniiORCfilciitriftQgflc, Qk- 148, 
80(1 A Kiralgbl Nne ilruwn ffcm ea(<Ii d\Tl«t4>r» (o the ftfwt Tu prove mn 
areotaeter «cnl« Uy ih[» trlAD^«, la; k upon Ihe triangle parallel 1o ilio 
biflo, And 4t »tic1i a part that the cxtreiailic» of iM «calG nwi 04i Uia 
two Bidft of tb« lHaugl«. ir gruduatod proptjrij, tlie div'ijfion of tho 
lualc tttll alfto cmrnapond to tbn KncK of ili« trlanjcte. li wilt he con 
ULGDt to draw Viatt qii tlio Iriaaglc, pnmTlir] ti> tlic hiw^ at aUoft f 
torvalA V\^. US rtpresonla thb for lUo aloobolomcur of TralliM. 



/V;. U9, 




[^01 Th6 iBTadaatin? apparattifi.--Tho pro^aation k olftct 

bj iiifimmohMuakL-rd ou llii> io^Ttit: prfucipla aa ILat Jut kUI«4. aJid fb- ^ 

eaay to conMruci a raorc or !*«* pfffiri iiihirom^^t of tlils kind, Oim * 
aolld* tfoilt plate of waxonrd vood, ^ -Y fig, ll?, th« woodcri Strip ^^ ^ 
rotates 00 iUo pin a, bar log at the other end t the itc«ledg« c dperp^^*'' 
dfenlar io flf >* Tho ar.rlp f / ^s atrjV'hftd tn thft ffit^fp nppoKtt^ « ; '* 
hiu a flit in Viliick u brmxt or iron bar am be; fuMriir:!d hy two mrrowii, jt ^ 
There an? Mrernl HJmilar Hlrlpa bavlnf? alooK tbeir «d^ some one of C'^ * 
tuujil urLi!f|ual gradnnliont! ; nne U dirtdtd Into oqnal pDTtt, 

Tli» mling h*'»n3 -^ A i^nn hp. slid im fliw plnlr if J*^ nnd nnd^ t^' 
Strip o fr; it ii hep! comtaiill/ parallel to « / b j tlio two jpii*)*** 
m ffi, n n. and otaj t>D ILiod at aay point fcj tlM two H^ewa. p q. Iiir" 
tlilfl boftrd li Ut tl» broad Iron ruler /, which can be moTcd ali>ni^ 
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9 niihei by m«ufl of t)i« itrip a b,utd u pin Tlf«t«d 1o /; it mint 
muTO cik»ilj, liut iilvjkfg m*1ntiih tu dirtirtiivi |i<^rpendTcu1ar to «■ / 
SeDMth tbe Tclcr » a deprcMioa in A B, H Thlch ilic ncak tn be divided 

jjf kid. An wldilioiui] airanpeTaoiit mAf bi> tllochtil to lh« rulef, Tor thi» 
pirporit of tcnuchlng or m&rktng off the ilMslorfl; vhoD ttiJ8 miifit l>e 
^00^ more tccDrmkIr ud rapldlj th«ui bf h^ad, 

Xoir, IT »ach an icntrtjmcnt u tbe ftlcoboJomckr of TrelloA ii to l» 
^•doftltd, iU Icitdiu^ H Er> hrrtof^ed Ihftt In water it ihalt siok 1o a, 
tL%. 160, aftvr thi! |inprr wilb Itn ufillng-vTAx i^nninn hju alriPiuty bonn 

rsEppod into t^c 1ub«. The approximate Icn^b of tbe tube fit d'^ j^a 
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ftwerLaUicd by a pr«ri0Db «ip«r)a»u5t. ^kobul i^f a kDO^*a 
vpi^iAr* gTAifif U UBit takifn, anti iic (jrrrs>irttago of pure 
•(lint a9(i:vrlaiti«i fr^m a tables lie areometer ia placed in 
It, acid the point to whL'b it tinks marked: SQppoto the apirit 
to bo tlO per [*0Tit, nnd c tbu poinL The f-roptr triDporaturo 
of the li*jy]J m irjJii^attTi by tbfl icro of ihp iuiloied iher- 
Ibometcr, vblch baa a peculiar ir^QAdoD. Tbc length a c 
Is takoa etf oq Iho papor atrip, whleb in tbt^a luid aa the 
Trilipff beard ^ 2f of tbo i^rafluHlbig nia^^hbio at snrh tlLa- 
tauce fr^ta the brau BLtrl|j r / {Ti-^U^^i that Tbeo tha 
etrip d b more* l>ocn 1o £0, ibo ruler / travemi the ppacc 
bctwcvQ ttw Ivro taaHc* on th« paper TIj« «trip a A la then 
brr)u|^-ht back, hO that o fl rHck« lo the BotJ:b ntarked Q*, It ia 
tben carried rrom diriiioo to divijiion, aad corrcipoodJaie 
marki made on tho paper atrip by m«auB of tbe ruler I. 
Afler Ihe gnidiiatfnn ^ns bfttn mmplnudf Th" pappr t* fixed 
|>r(4p«rl/ ia Lhc tab? a^aiu, the trurufirs iiiellcci Hitt, ami Uic *' 
top of the tebo foaed logetber iritbodt m\v Ioeh of glasia. In atcer- 
'tsfoLii^ t1i» arbitrary bat t^^lerabiy vlcvated poiat e of tha BCJii«, a 
^nomta! iiiidriiTncnt w pmvrally tmultT use uf, iiiHti'iul of detiTrniEnlui; iIip 
spodfio graTEtT af tbc al<:-i>hol cni|t]ojcd by the balanee. 

[91j Tralles' hsrdronidter, bciidvM Tr^Jea' tcalo, usually faaa 

ncood Ape, giving pf?n^nTiige of vref^ht of the flieohof; to this thf 

^ftbrnnotneter aitdt^d in tbe wMr purt uf the aroorneL«r baa raference. U 

ffeafl {l8 nro at BQ^ F., and is ^rivluntcd to pkple decrees. Th«y aro >o 

'larg? tlkat vbea the tempcraiuro of tbo tii^aid jft bigb<Tr or lower than 

tba nonnnJ by ft de^r^en, the iimtnmienl Hball stand higher or lower, 

larmel/p by n detcrecs of lUchtcr*i ffllccholoiafter* thaa ic irouid at the 

'liQfta&l teaiperatun.-^ !□ thi-^ ua.^, wc (imt rend off the olherwiw? ii«clc«s 

■JUebter •rale, and ilii>n %(*a what flf'gree nf TrallM' corrfspoadi to tbot 

of Rtehier lliix ajtovrtalacd. 
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FUTl^tOXL EXPfiBlUENTATIOS. 



ffy. iriL 



A5 i}\<is* bttnimoDU uto ralhvT Im^, it wJlJ W nocnmur t« Lit* Llijh, 
iLurrov ujrlinilL^rK to contuiu thum. A t'oria likv tbut U lig^ 161 nUl Ijc 
found vvty crtar^BleDi Tor reading oO', when i1i»t«swI is Deulf fulL Tbc 
uaubI fitnn of lite KlcbU'rV Acalu IV4U ujj^n Ini^ornct nMUiiip^ionn, arid. 

u fact, dvcB nut cuiuciilo wjlk ibc true per* 
cQtitagtr <if ftloohol; Tor tliU r«&doiL jt ie 
only iii^rAtl fijr iht; aboTQ'iueiii(i:iiicd ror- 

[^'2] Tho areometers of Book. 
BoaiuQ6, and Cartlor hnm «aur<:t/ 

len^, Tlc4)c hy tbc aid oT n table, 
may, likcwii*, bv UMd for v«crl«miitg 
S]H<cddj^ gnvily; Bucti luMei ure (o ba 
fbuod In noflt of tbc wort« i^d plijttUfc 
Their conolmctioii i« «anl}' tatdlJiiibilo, 
from wbsi liu nlrced^ l>»«a uiil oa tb« 
flull|ocli wbcii ^^1^ kijtiiv [)i4ilr nrLiiru^ ttied 
poiut Tbct nro btnt tntvd br mcaui ol 4 
JLqLjLd of liuowD «;>e^'Ltio gtuviiv, niiU tbe 
jL>iAlhtnnc<' of iho i/ihli*! rpfrrrerl to, 

lliauof:^ iircumctcrH arc mode la Uic 
lalluwiug wny: the uiie fur liquids ligbtCT 
tbfin vfticr idnki to scro In a Roluiton of I 
]mrtof rommm Knit In f) pirrtK of wiiiEr. and tu 10 In {lure vmtrr; t]jciut«r- 
rai h^mdttd inUf t L» equal |iarU, and 40 ftiich du^rce^ marked abov«. Tbo 
Other, r^r llqu^da beHvivr Ihun water, iink* to x^ro in pnro iratcr, «iij lo 
Ifi ilk a s^lnHon of 1^ pnrtfi of «ih tn ^& |hi]-U of wnLrr; ibv iiiii^rrjtl Is 
divided Jnio 15 equal pnrtA, and 70 aJdcd Idovr. Tbe Inuperaluru 
labou i« *' tLc lucnu U'la^nvlurc <if tiko iiir." Oo t!ib o^counij ajid tha 
][i3|iiir]tf of the tmli, ihN<i iufltroiukjou nrv nut ivr}' Jitriaratc, luid «c]xrc«ly 
Indloaie the Kj^etriliL- gruvitv corrtHTlljr lo ihe «iX'aiiiJ jibc^e of detlmtU, 
Tbft tftblfr Annenei l.a lux^urdiu^c to Frbacocar. 

Tho fttufttoj; |>i>iut ill CtrtUr'd urvi^mclvr la aliU cdok vuucrLjua; tbo 
degrees ftre aoineirbai longi^r. nnd tho whol* tv^jdo standi J*' deeper. 
AcGorliiLi^ Uj FiHiLcoeur. Id' Carlitr — li'* Bcacmp ^- 32. 

Bock'a areonictor ii^ at xcro id |>Qrt valcr und 30 ui ibt apucific grutitj 
of O'Si, (vat«r = l;> lb* lu(ui»L'r*liiM is + &1 i* b\ 

[93} Speoiflo gravity areomet6rE.--Thi^ Kraduailnii of ««. 
ometcrn fvr imincdiatHj MIcotiug tipccliid i^ravitieei w«4 fonacr)j ver7 
(jiffieolt, Aiid for Ibat roauou the i[iKtrumi>Tit va» not \u inucb faT^rr Aa^ 
faow»r»r, «r« cna oblala the apcclfic griL?U/ 1>um tlio Tolumnt«r »caU, tfg. 
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lugs of th« Tohintf»tvf, >a imrraelj we can firom j: ^^ 
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Fig, 151 




of the Ti^iini«ti*r w'lLlte ft A porrtv* 
P«vdJOf toih«ftpeciiic^rftrilj; that 
n to ay, the prl&t^ of & scale dM- 
«S*d lolo 80 p»lit. Iifit txtnring nnm- 
b<n Irani 4^0 t4j 130^ whcir ibcpulhi 
5f con»poTid» to « specific imiTitr 
of S-«0,aad toatolO^ cal^alAtlTiir 
Is Ihte «Aj lh« dlrlrinnii of ihr trnb 
for llie vptciHc grnntic* l'll£, 
etc- to 0'7, TO daull And IM parts 
f>f ih4 acalo f>^-d3, S5'5^, b»^\, 
6«W», fiCfifi. TM3. TfiSi. aS'SS, 

M^o. 10000, in n. 1^500, 

143 8^- Tbi« table iniwt, how- 

*Ter, b* fplcEiUtril fir Ttio «prdflo jfMvltipa to tlie MCOtw! place of ilccU 
eobIk. Tlie propurtSuuaL jrurtj an? traDifnrrrd to Wms iiQnunl sruli!, baviog 
^f«tt to it vQcb • Icoicth that, Ut gravitiu of frorQ S to L tW numb«r< 
tniiBt bo earned oqt, at toniit 10 the ficconii |>]iico of d^nAtn. find from 1 
to O'T. to Th4^ tlitrJ. Thih ruiig4< U alwayn dirlrW lietwrcMi Iwo nrs^im' 
fiXKt% conalmcUii fts directed for Trallea' dcubulouiTter. 

Ailtbu prctnppOEiOB n perfectly ciliTnlrical tube; bnt m this in fiorct 
rca|££<d, theu nreon^Tem xvUI not ^irt? ihp ipodfic- f^ai^ty cxotllj, utilM< 
c»n«1racU>i ai^on^hj^ ro Ehr i^ry «1a)>oriili< pruri'vc nr DriA^oii »ud 
Bchnidt. Tbo lame dif^milir ciiM« In rcfereiic« Ic alt olhor Areometer 
oculcv, that 'jf II10 voluro«tcr not excepted. With a llltic i^itrv in Iho acler- 
UoD, (nl>pp piml oncHijch fnr nnTInarj iwe maj' lir* praL»ur<?(S, ftod f ljo*e who 
r^qoirc ttJ»:>!ule accMm^iy. will Alffn\i huve ri'fourw to ll»o hnUncc, 

The Miowinjf lablc CL*uUiaB Ibo OtAtnncc* of th^a diriHloQA for ipeolflo 
^ri^Titj areomeleni, »nd ihnsp of Trail"*, In x\\*f tiret iabli>. the teogtb of 
iKff snl<^ tbal i*. tlie biue of thi; iioivrlon trTuitjflrt. flf^- 14>t. or llm Imptti 
of Ibe Mrip on ^^ /, Aj^. 14?, b couaidend lu JirMf^d into 5000 part0 for 
lErpldi heftvier tbac water, ftnd into Vi^b for ihoe^ lifrliter. Tho tattle 
Iben liidipatu^ al vhnt |iottit of thU dirfnlott any tppoll^r |T*''^t1ij cccnra. 
In tbc latter* ibe g;raduaiiuii In poic^Sblc for the third plruru ijT dec'LoicilK ; 
tbe tnt^feal, HoweTer, is dividM into i^iiual purU o»ly, a« rit» orror worth 
notfdaig cm occur The tublu \iwM ahowi tht>, for it contRlnn Ibo dm- 
dons to tlie third placid, fur thv triUvtue cnw, specific grntitjO TO UiGTV 
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parauuL bxpb&im&nxation. 


^1 






flCAZiB OF 5000 PABT8. 


^^^ 


^^ 






dtTUoiL 


1 




dllWaftT^ 


1 


i«> 





l-Cfi 


1024 


102 


S67d 




i-w 


» 


1-0& 


irxio 


1^1 


oesa 






l-W 


M 


1-Bi 


ii>tfr 


MU 


asM 






I4r 


7« 


1-«8 


UM 


I'W 


2748 






l-BB 


101 


l-(}2 


1172 


1-25 


2812 






1-m 


12a 


l-fll 


tail 


i-ar 


S874 






lU 


iw 


l-ttO 


12A0 


\-itfi 


s&a8 






]<(» 


Ul 


I'W 


13S0 


12& 


8CM)0 






1-02 


SUH 


]^ 


U3U 


1-24 


8081 






]-»t 


SU 


1*67 


1309 


1 :£3 


8180 






i-w> 


Vfl3 


l-W 


14^ 


]'^ 


81M 






lao 


2>0 


!<» 


HAl 


1-21 


8£az 






)« 


319 


i-ai 


lt«8 


1-20 


8883 






1-ST 


a-IT 


]^ 


16Afi 


lift 


SiO« 






1-M 


t:« 


l-W 


1AT8 


Mfl 


8174 




ISA 


406 


1^1 


ifi:f:i 


117 


8M7 






1^1 


4^2 


1-50 


luee 


118 


8620 






1 4;f 


4K4 


I^V 


irn 


115 


8408 






l-«2 


401 


i'4a 


1TM 


I'U 


8771 






141 


624 


1-47 


1803 


118 


8848 




1 


t'8ff 


£A& 


M6 


1S4V 


1-U 


8^28 




1 


ITO 


M6 


1'4£ 


1896 


111 


4000 






1-78 


ei7 


Ml 


10*1 


MD 


4000 






I^T 


«M 


MS 


imis 


1-00 


4174 






1TB 


•81 


1-42 


:£iu^ 


l-OH 


Ji-ifl 






i^a 


T14 


1'41 


ZOOZ 


' 1-07 


4'14fi 






IT* 


T4T 


1-40 


2U3 


1 1-oa 


4438 






1-TI 


T» 


laa 


S104 


l-OS 


4^2^ 






ITf 


8U 


1-88 


£246 


}<H 


4116 






1-Tl 


847 


I'ST 


2^0B 


1-oa 


4708 






I'TO 


ses 


]*se 


23&2 


1-03 


480S 






i-n« 


oil 


1<S& 


S40T 101 


41>0g 






l-OS 


«fii3 


i*» 


3481 1-00 


OlMW 






l-AT 


9»« 


1-sa 


261A 


*<■-■' 








BCAUB OF 4385 PABT8 








1-1X1 


ilhblisJii. 1 















O-SA 


l«2fl 


C>7S 


VOW 




O'ftft 


ici 


085 


n«4 


0-Tll 


sua 






0-tW 


204 


0*4 


ivoa 


0-71 


4084 






od: 


S(JO 


0B3 


S04B 


070Q 


4J04 






ove 


41fl 


0-83 


S1Q6 


C708 


4184 






0'*S 


Mfl 


0'8t 


^S4A 


0-707 


4144 






UH4 


<;s8 


U'SO 


JtW 


II-7M 


4184 


t 




0'»A 


7fl2 


0-79 


SiWt 


0-708 


4IH 






0'»: 


«r^11 


0'T8 


I8S0 


0'7D4 


4304 






O'M 


»»'.» 


O'TT 


£»a8 


0-70S 


4234 






o-w> 


nil 


074 


S1A7 


703 


4»8 






osg 


ts»« 


76 


8^68 


0'701 


4£88 






OKH 


ist^;) 


0-T4 86tS 


O'TDO 


4285 






ov: 


iiv3 


— — 







, 


1 
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TABLE FOB TRAT.T.TO' ETDBOUETEB. 









aporiflrpTnTHr. 






BfuviniiEnvlljr. 






I>i«l«|rtn i>n t 


W.fcrit 




nTMoa H a 


Vstorat 




X^ognm. 


KBloof 


+4' C, =; 
10000- 

flil9l 


UvpVK 


idlDDC 


+4' C. = 

iDOOD. 






lafi pftftt. 




a&ajpvti. 




a 


9 


51 


736 


1^15 




I 


24 


9975 


62 


768 


9295 




2 


B9 


9901 


G3 


762 


9275 




3 


64 


9947 


54 


8D6 


9254 




4 


68 


9933 


G5 


880 


9234 




t 


S3 


1»I9 


56 


864 


9213 




e 


9a 


990a 


B7 


879 


0192 




7 


108 


9BQ3 


68 


906 


9170 




8 


121 


9881 


59 


931 


9148 




fi 


laa 


9869 


60 


967 


9123 




10 


146 


0867 


61 


984 


9104 




]1 


lfi7 


9844 


6*! 


1011 


0032 




IE 


IR9 


BS3t 


63 


1039 


9059 




13 


IBO 


9A23 


64 


1007 


9035 




14 


191 


9612 


6G 


1090 


90T3 




IC 


S02 


09W 


00 


112G 


8989 




U 


Sifl 


9791 


67 


1164 


8965 




17 


S34 


9781 


68 


1184 


8941 




18 


sa5 


B77I 


69 


1216 


8917 




19 


246 


97SI 


70 


1246 


8892 




20 


266 


9761 


71 


1278 


8B6r 




ai 


200 


9741 


72 


1310 


8&43 




2-2 


S77 


0731 


78 


1^2 


8817 




aa 


^88 


9729 


74 


J 375 


8791 




34 


^yo 


9719 


75 


1409 


b765 




25 


31 Q 


WDO 


7a 


1443 


87^9 




SO 


821 


90B9 


77 


1478 


8712 




27 


3''12 


9979 


78 


1514 


6085 




2S 


B44 


9608 


76 


IG-M 


B65B 




SO 


366 


Otii7 


80 


irrfl7 


BtlSl 




W 


867 


9640 


SI 


1B24 


8603 




Bl 


380 


»L34 


82 


lHrt2 


K^75 




12 


893 


0522 


ea 


I7ni 


8.^7 




£3 


407 


9509 


84 


1740 


B51B 




34 


42Q 


05M 


86 


I7bl 


B43S 




S6 


434 


0583 


86 


1823 


8458 




3Q 


449 


esTo 


87 


IHOO 


b42ft 




S7 


4K5 


955a 


88 


lUlU 


8*^7 




sa 


481 


9311 


89 


Ifl.Vj 


m<\& 




39 


408 


9526 


90 


2002 


8633 




40 


616 


9^10 


91 


2050 


8299 




41 


533 


9494 


92 


^m 


8335 




42 


661 


94 7B 


9S 


SI50 


3239 




43 


5fl9 


9461 


94 


i/wa 


BI94 




44 


084 


9444 


96 


22^9 


8157 




45 


ooe 


9427 


9G 


231S 


BUS 




40 


028 


9199 


97 


23bO 


8077 




47 


643 


9391 


98 


2447 


8084 




48 


OGU 


9373 


99 


2519 


7988 




49 


6[N) 


9»M 


100 


2597 


7939 




M 


712 


93^6 


— " 
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PHTSICAL BXP£RIHENTATION. 



TABI.B OF SPECIFIC GILlTITIEa, 

Aooordlng to Beamne's and Beck's 'SydromBtevnt tot Uqoidi hesrl 
than Tater, at the temperature of 54'5^ F. 



Dtgmm. 


BhdoI. 


^Kk. 


DBffnflB. 


Bcumi. 


Bk^ 





1-0000 


l-OOOO 


89 


1-8461 


1-2977 


1 


1-ooefl 


1-O059 


40 


1-8671 


1-3077 


2 


1-0138 


10119 


41 


1-3094 


1-8178 


3 


1-0201 


1-0180 


42 


1-8818 


18281 


4 


1-0270 


1-0241 


48 


13945 


1-8386 


. b 


1-0840 


l^OSOS 


44 


1-4074 


1-S493 


6 


1-0411 


1-0886 


46 


J 4206 


1-8600 


7 


1'0483 


1^0429 


46 


1-4839 


18710 


S 


1-0656 


1-0494 


47 


1-4476 


1-8821 


9 


10680 


1-0659 


4B 


1-4616 


1-8934 


10 


1-0704 


I-O026 


49 


1-4768 


1-4060 


11 


1-0780 


10092 


50 


1-4902 


1-4167 


12 


1-OS67 


1-0769 


61 


1 4961 


1-4286 


18 


1-0985 


1082B 


62 


1-5200 


1-4407 


14 


11014 


1-0897 


53 


1-6363 


1-4680 


J6 


1I09& 


10968 


54 


1-5610 


1-4665 


16 


11178 


1 1030 


55 


1-6071 


1-4788 


17 


112fi9 


Milt 


66 


1-6888 


1-4913 


18 


1-1843 


1-1184 


57 


16000 


1-5044 


IS 


1-1429 


1125S 


58 


1-8170 


1-6179 


20 


1-1516 


t 1888 


59 


1-6344 


1-6815 


21 


1-1 eoB 


M409 


60 


1-6522 


1-5454 


22 


1 1692 


M486 


61 


1-6705 


1-5696 


28 


117B3 


1-1666 


62 


1-6889 


1-5741 


24 


11857 


1-1644 


68 


1-7079 


1-5888 


25 


1-1968 


M724 


64 


1-7278 


1-6086 


26 


1-2003 


1-1806 


B5 


1-7471 


1-6190 


27 


1'2160 


1-iasa 


66 


1-7674 


1-6840 


28 


1-2258 


1-1972 


67 


1-7882 


1-6605 


29 


1 23fiB 


1-2067 


OS 


1-8096 


1-6667 


SO 


I -2469 


1-2148 


69 


1-8813 


1-6882 


31 


1-2502 


12230 


70 


1-8587 


1-7000 


32 


1-2607 


1 '2319 


71 


1-876B 


1-7173 


38 


1-2773 


1-2400 


72 


1-9000 


1-7847 


84 


1-2881 


1-2600 


78 


1-9231 


1-7626 


8G 


1-2992 


1-2693 


74 


1-W87 


1-7708 


86 


1-3103 


l-2fl87 


75 


10740 


1-7895 


87 


1 -8217 


1-2782 


76 


2-0000 


1-8086 


88 


r3883 


1-2879 


... 
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TABIiS OP SPECIFIO OBAVXTTES, 

Aooording to Beamne^A, Beok'a, and Cartidr'a Hydrometerfl, for 
liQQitU lighter tbaa water, at the temperature of M'fi° F. 



»-«»«. 


BMBi. 


CBTtlir. 


Jtock. 


litS'fifa^ 


^ Dhuo*' 


Ctitia. 


BkX. 









1-0000 
0-9941 
0-9883 
0-9826 
0-9770 
0-9714 
0-9659 
0-9604 
0-9650 
0-9497 
0-9444 
0-9392 
0-9840 
0-9289 
0-9239 
0-9189 
0-9189 
0-9090 
0-9O42 
0-8994 
0-8947 
0-8000 
0-8864 
0-8808 
0-8762 
0-8717 
0-8673 
0-8629 
0-8585 
0-8642 
0-8500 


31 
82 
38 
34 
35 
36 
37 
88 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
64 
56 
56 
67 
58 
59 
60 


0-8742 
0-8690 
8689 
0-8588 
0-8538 
0-8488 
0-8439 
0-8891 
0-8343 
0-8295 
0-8249 
0-8202 
0-8156 
0-8111 
8066 
0-8022 
0-797S 
0-7985 
0-7892 
0-7849 
0-7807 
0-7766 
0-7725 
0-7684 
0-7648 
0-7604 
0-7565 
O7620 
0-7487 
0-T449 


0-8707 
0-8662 
0-8698 
0-8546 
8491 
0-6489 
0-8387 
0-8386 
0-8286 


0-8457 
0-8416 
0-8374 
0-8838 
0-8292 
0-8262 
0-8212 
0-8173 
08138 
0-8096 
0-8061 
0-8018 
0-7981 
0-7944 
0-7907 
0-7871 
0-7834 
07799 
0-7763 
07727 
0-7692 
0-7S58 
0-7628 
0-7689 
0-7656 
0-7522 
0-7489 
0-7466 
0-7423 
0-7391 


1 






2 
8 
4 

6 
A 
7 
8 
9 
10 

n 

12 
18 
H 
16 
14 
17 
18 
19 
20 
21 
22 
38 
24 
26 
28 
27 
28 
20 
80 































1-0000 
0-9982 

0-9866 
0-9799 
0-9783 
0-9669 
0-9605 
0-9642 
0-9480 
0-9420 
0-9359 
0-9800 
0-9241 
0-9183 
0-9126 
0-9068 
0-9012 
8957 
08902 
0-8848 
0-8795 






1-0000 
0-9922 
0-9846 
0-9764 
0-9696 
9627 
0-9560 
0-9498 
0-9427 
0-9863 
9299 
0-9237 
0-9175 
0-9114 
0-9054 
0-S994 
0-8936 
0-8877 
0-8820 
0-8768 
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[91] UapUlority.— For llluslruiinK ll^ fbDaamenUl fkcU <^t Cftp« 
larUy, bnni pJoHs tia&&s may be emplojeU, oi s*(rn in fiff. lis, with 
wider limb haif im Inch inclEamMtriii iJir^dciir; f iif« rnjtnitLr^ tii1w>tufif 

\o them *hr>oM bo of (JtRVKnt ik-gr«c» of 
baen^Mit, frora two linoit to ihftt of » tbar- 
mometcr tiib^, and In rariea of about four 
for Wfttor and as mncj for mDrcai^. Thons 
bclonfcinfr to i\ F^ct may be fMtcntd to » 
Lobtd h»ri[tg a griiduuliOD in inch«« anil 
tfDihfi for BHrli tubo. For Ibe wnler/ 
liquids. A deep blue, tts A votutlon of 
BQiTDoii i Bcul ux.^xic of oo|>|]or or of lodi^ 
will bo bent: wlibhpTflr Ins rmploTeil, ram 
must hv tAkdi t;i vnah uut tUe Inbes after 
u»inj;, u otbcrwino tbo n^Aiduaoi of tbo 
Aoluriun, on drjin^, wlK L<botc« up tho 
tubt^Sp luiJ ^rvatljr iutcrri.Te wElh sutec- 
qnent oxpcnnictits. Tbc nvrcanal nma^c- 
tnoui alioulcl Ijo kept filled IVItli liquids 

wliirli vol ilio g1iu^» till? lulxTt Khotitd Im 
inclined 1cw*rd (hi* pinalUr liuib, ao u (o 
wet th« gliuA tbr Home dUtunco up, aLh«rwi«e lite gre&toiX elovptloa w, 
not be nttiiliitd. 

Fur exfeniornliiiit wltli gUm plnlc^ ivki two jmin cut froD |) 
(;!jlk}!, Iroxu a Xa 4 ia^-lic* toD^, and ftom if to ^ broad, uid icriod 
their edgeit. Four pt«oe»i of thin idi«fft bran, of uniform thickofM, 
iLTts lliva luid ixL tlm foar 'iiirneri, betirtH<a uiie of lUavt \ndTK to makj^H 
pftralH plulivt. ^| 

I'^onr oUicr piocc»4 of «hfl(?t trn*i^, two of thorn iho tlUnriDtt f-roenrftblc, 
tbe othen 1 or ^ llnoi Ibl^k, will vuiLblo uf» Vy give xhe remafning plAtt^_ 
ftQ IqcHuuIIou Io tiLtrti uliier; etub pair mny then lie bound nronnd toitl^H 
timcrn vrith w&xcd tbroad The; Acimu liqiiidn may bo cmi^I^yod for e-xpcri- 
DK-ulinj^ DM rvcomwcnded fur the tobox. Artec uamg. tbo pUtn tuuit bo 
Uikfiii ap»rl» well wH£bed, and combined n^nh. In readlnu« for tlio noit 
cx|>vriiDi;nL Absolute: eloauJIUDM U required witli tboie |>iate«, u when 
onlj BEightly soiled tlio ouUiooit of tTie liquid will not b« airalgbt iu \h^ 
pjimUnl pnir. nor byppT'iotEe l» Iha Inelbrrd, ft l« beMl to immcnto 
pUhj3 ftutiruly in tbe liquid, in order to wcrt lliem iiiaule. 

Hulbft, from ]^ t^ t Itieb Sa dlmsi'lor* mbdo of wax And glufl, 
totiTriiicnily illiiai»t<* ihe flX|Mjnti]c"iil of iitTni(*tioTi Hiid repulsion 
QuuUiig b^Jivii;. Th^rnr is uo dil^i^uUj iu [x^rrurmiui; tbv e&]wriuu;til ij 
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tnUTf bat in mctcofj the kIaci bulb* do not <ink deep endagli. Thi& 
t^o ut[<rJaicjit, muMt be porfccUj ckio. 



Fi^. 151 



WJ. 155. 



5ij7 lfi«- 
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For (h« cx|>critAoatj on mtUiu^UuL. bctiv^tn im^ 
lMr»ed ploUf, tulo thjti platftA of glux or miuu, 
lUtHthiHi In rJircfuh lyy ttrntiMK ^r vpi, Ojr^. IM, 
133, 156; irilitjr pre not deai^UflJ t^ be ivvluJ. thcj 
09*d odIj baTv li film of p^ooia on tbo nurfnoct 

To mtktt pia«, ii«ih1]ojl, Hi?, float Q]ti>ri vtnUir, It la 
oolj BocoBurj' ifj dmvr Ibciu a fi^w lictivfl belwe«n 
tt« flftKtn; in tJiis wn^ thcj k^I d thin rontinjc 
or gTMiO, wblcli prouocfl them from iba niktur 
ITbea CAiorallj l&id on, tliey will TJihJhU lim aatud 
rctUJoiti both towcrii E;aoU ulhc-r aod the iddei of 

[9ft] EndOSmoaus. — TUtJ imvr vnucl, A, Ag. 
I5T, nbculd L&Ttt ft Ouige ^t lU irid^r gptning, «o 
M to adait or tjing cd u pii^t^c <>r lili^ddcr nacurolv. 
^ VMMI of liLL'quiTtfd tin will «uiwi-r Tor lomc tK- 
ptrimeiiU, but it la belter t^ prucurv ni uuf.-u a 
Ktdiablo l^AM vctfoL Tbo narrow tLil>o niuy be or 
ftbont tbo *iu of that U4^d for Uaruinoton, atid u 
luurlAl lulo lih« iKvk bj mt^nnK of & curk. Tbe 
tuot-T TttMJ mafb« Buppi^ricd bj pu^mif the tabo 
through » dkk {>r vood, nhu^h covorti it)« «xietior 
\c»m1 Both veiteU ihtiuld ht^ (lllcd lo t])« suae 
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|]i>i^Tit, the ETjii«r vith ft Govccrilnuvd tolntioa or mlphAlv of topper 
4lcohi>l (Jilofed vritfa i^ocliiUfT&l ; llie uuUt vrltb wntur. 

For AD cipmmi^nl nith i^itlpliitrtrr m;id ftni vTAtfrr. the oUf CcUf 
In the constani gulvunio biiiu^y 'riil bv t*>und rorj c«nT«aifiiJ. Ail II 
Ifi nfircMAT/ f^ io pTjicif oiie In n ^lu«i* veMvl urid flit It kII!i one of tk« 
liquids, t^orba Uio <rth«r rognd it Eu iLo kT^^as. 

(r.) BXI*£&IHEHTS ON GASES. 

[M] TornceUi'5 exporimont,— For ihc prolSmiDarj ^xpbM- 

tbn uf thit csjH'rimcnt, pour Tnutcury into a rhitcr hipli fflns* oyltnd<-r, 
&ud LJitrutlucG u );|iu-i ttibi!, u|il'U nt Will t-ni^i iitiil jitnl widi? eiiotij^h for 

the <(r«ct of c«p1Il4ritf to diutT^^''- I^our waUr IlIo tlis cjllndtr, snd 
itM prvKure wi(t ctatp the raurcurj to riiO Id tbo itntr tabe. At tlji will 
be ibe 0ft44^ wiib nit diiErts l^^e m^n^arj ntifit riw in «n f<m]itv tab*; Kbra 
tbr cxcntui preMure Is tbnl of tbc fttcnoAphcrc. 

Aj^ain, teikc n fflniu tub«, SC incbait in lonj^h And nboat t ■'■^^ 
difiiuHvr. hermetU'ftllj Moled at CTt« end. Ii muHt bo k«pl perfncU^ 
deiii^ lujil nb<'n no!. In dm^ the opiinlnfc ^lionld \te olMed by h doHl 
The ni^rcarj laavi bt pi:tfr^tl7 clcnn l nbooM it knvo laf tmpnril^ In 
tab«, n new 0119 moBt b« iflken, or the ««^«d eed opened and the 
clcnnrd by nlplnp U <mx with pittcw of lofl htolilog-papQr on th9 «nd 
A nire. Wbcn bttioitictvr tube* arc dirtj Uicv - rotdn babblns of «lr, 
wbSoh rJi-G In Uic 'forricoljiui rafatim, and ihun intcrfrm vltb Uh) rcMilt. 
The ciBlvm Ehonid lio ^irl^ «noafrh 10 pjirm^t tho iinnifirflcni of ibe opuQ 
fftid. wilb Ihtf flpgKr jippUpii tij prcvnit thii i'm-wiie nf lliu tiirrrurj, ThtiS 
lubea bbould be lufl full; 1hr^ lube in intbEK^c) unlit the mcTcnrjr loo^hfai 
the t«p, Tbft briUnni closed wiih thp flugoT rtiid Ihc t«b*j inrmed ; \n 
pcwltiiMi It t* tinng up bj > ■wnipd string tiwl tjghtly nraunit iL 

Thf; lubu Ih Ji]!ed tEmjLi^'b u nilJT path^r funnel, a.) diiVL;lvd in J TA, 
thu m^Ti^QTy (tiQAt nt IcnM br pawed tbri>nfcb AOch n fLiaucI, to rtmove 
diwl atid ojt^dUt'U intlril, bufor* being itilroduttd into the lube. Tb» 
m*^roury tAii Ij« d^HQeil >uJtt Iwtter l»j i-icituiloik nl(h w»rin dJtiii« nitric 
ft^M, «ui| ftfterwiftHfk «itb vat«r; it U then dried with bloiliuff-pftpcr. 
To BOftke the [^xpuHmenl mom nLVUpnte, the lube aad mwvarf RhuuJd 
both be VDrmett, mid ibe mercury (khithI fn ibrouj^h a lon^, aarro 
runnel labp. drawn out to h Ann ptdnt. Wien the tiibr linn b«i>n fltteil 
witbifi jtbouc I an inch of Ibe top, it la eloK^ \^-iLb the linicer And invert 
iii?veral lint*>B; lh& nir which ot^tjpM lhi> op«n Rpar«. tn irATtrvLng tb* 
inbn fpit'i'^^ til** iii(uuU'^ TRfllrlKK whiHi ndhrFrd ifi Ihc ii»4«a. 
10 next filled fcniir«tf. And inTtrteii in the culeni of mercvry. 
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tal>oi ciMTtcr ih^ti 30 inobc«. 

The DMfcarj tuod ia ttiM« tipiTimfuu ibouKI bv kopt T^r tlil« ep^olal 

pvsrpuse; thti uhml for murviidhJ trijugh^ or tor elvctrlcftl purtiuis«8 U 

dAisollj aQojtd wiib other mctiiU. 

.^iiiotbor exporlmeat niiloh Monfv ton w Uio fbtluffbg: A glu4fi wJtlk 

gvonnd edlgv b Atl^il fnU of w«ter. and h sheet of pap^r Ufd over U «o as 

tA kdoM DO air babhiot. If n btwH or » book bo nnw laU on tt, tbo 
|tla^» m&T bu iuvorUd, ftnd hdd vp in nu iarcrttd poution wittiout 
^1*1 Ilia; th« wLt«r If th« iflus bo b^C on ihe tg^blo io tliU p«iUiaiL, tho 
pAfwr ma/ bn wkhilmwn, wii^tlinr thmn >llppr!d amkr U. Ihn ffinm iUati 
^d spoa the board h^oiii Aud lumed upright A «bcct of good elilT 
^<t|>«r, not much Lar^^r thoo Ibo icEam, ehoiLid be usod Io iasuro «ucr«M. 

whifli it bt h«Utr lo buj than U* oumLfuci for utic'* wif- BcHidcu tU« art 
i>r liliiojc thtm soM !^ bo pcHucily froe from th. a j^ood divldttJic mocbino 
^ rvqtired f<»r tbo Ktle. 

It u1|) be beat lo Imie, fjr purjHJsen uf donii)ii!<Er«tion, in addUioQ to 
the ditcrtt Iwroowtor, & siiupb siphon buTuuiuliVr* wUU thf; aborter leif 
ooDlraclcd DCfer tfao bond, to ndmit of bciajc Ho^cd itp \>j e rod ^roppi^d 
witi button. If poMbl«. it viil bu bvit to hart* a gout} miivnlRln 
Uaruoiolfr, to be la^ed for ^it-ialAi; pnrjtoe^s. The o}]nT]U.-torisUci9 of 
L SO^ biLrouLCtcr vill be fn\inil ia imj Icjtl-hooh of phyticHp 

Should it, bowiOTtrH on iruoucit of the rrodare of the tube of A ruEuable 
bnrDWPi^r, or fur (tny olber re**nnH hp rnoewftry lo flf up a bnrnmfflfr 
tolM, 0(10 vlionM bv chosen Lot loo Lbkk in Llic jclo^s, and cArcftillj 
cl^uiti beifur^ Kstditig It np. 

Thf roqnirod tmourt of mfroory S» tben boiled in a porcelidD cspviilo ; 
Ibc IijIm- luiir hr-ntfd jitoikjc jijj rnrfm Icm^lh, and lln^ri fllUnl lltroiifrL ■ 
''''^aol. fbrikbaut two iiirliM, with the bnt mcrniry- The bottom of Ibe 
^^ U Dov buoUd over a «pirtt lamp until the niar^jur}' bolls, (tklug euro 
^tum th« tnbr* ronrd nnd round ^Mntliina!!^ ; ihU ia to Itn bapt ncnrlj 
^Uc«]^ and the operation nboiiM br* pt-rfonnird otcj- b lar^ UaI cupaula, 
'^ prnT«at th« low <'r larrrourj in &n; poHibln br«&ka^tf of iTtO tabttn 
"^ih ptopor pr^coatlDt), bovvvcr, ihor« in Uitlodari^rorthlf. Tbo ttibo 
^'Wt hu he«Tx'd nattt hhng it* eniim b-tifr^b. und a fnw ddilitiunkl iiich» 
^^^rcixjr iatit-daced, ibe atinit? ojicratiui; ufbuutlni^ b«Lug^ rvfieated; the 
"^^ kboold bp oppIJ^d n hitlo bolo^^ enob &inh portion of mercury, 
^h*!ft tlM labo hoA bi-uD fillv<] in ihU way to vlibla half an Ineb of ibis 
*^l^t lot uLorturj b pourvd iuto tUi? rrrmuiriju^ HpoL't?. A paper coruct, 
**^ «tf M ^bo bottom, should pro?loas1f bo oltrK^bod to tbo top of tho 
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Cetera* by mcnTts of paate And ll^irnd. veHoit » & finocl for iW met 
trbich u parir«il in, tjlimjr the i^istirn and pan of the corott Tb« filter 
It) now {ilArr^i! on tlir fUkirl lubti, wftiL'h ^H Ttvxi 1iivf*ritfd hitn iJa- cUl^m. 
After rtmoTittfl: tUo fciTiocl or cornel, ihn cxc<rfs jf lacrcary U poanjd out 
of tbo cUttm ^ enough, h^n'cvrr, bomf; bfl to hara iU li^nol cvrrcflpond 
with Hio wfa of llift attor'lKHfi scale. The tolw mny be finalk fixed in lt»e 
deck of Ibc oi«if;r)L Ij/ btt» af cork> c>r b? uu cnliro cork pre Tjoujsly Gti«d 
on the titbc ; thit mu-nt^ bowavcr* hnrt a vmall nportiitv? to admit tbt nir. 
In obMn-ing tbe ^;uri:iiiiot«r, thv murutiry rcuat he ^udf ti^gUtted tA 
obtain ihe proper l^tcl, pvfn whh ft tolenibly wtrie nibp. The l^t^l of 
ibe top of the ccnrtxity of the mercury maiX hr obrecTed &nd tbo fyc 
held in tho ■amo Iciol, lo •vjid the orroT of pnniUftX. Thin is rtvy ^ibifly 
done bj lioldln^ & pli>c« of mfiror behind ih« tnh«, And finding th^ 479 
fLo tbftt tho top of lh« i^oliimn rolnr^idni ulth ihnl of thi; truu^. Tbn 
bATomvtcr cnaBt hang perpcndkcUrly dunng the t«pilbg, 

Afl^r purcbo^lng n cinUm baromtitar. ft ebonld «1WAyfl b« cfliWttlly 
mtMumil, I0 lucurt^tfn whrlbur thi' pnrti of t^o tptth vehkh an narkod 
are at l\%c ri^ii d!»luiLCc fmm Ibv Icrel of ihi? uirrc-ury ; if not* the ermr 
Shoald bo corroctod bj (Lddicg or takiukf as^<v; morcnry. 

In nMnoTiitf; a biromctcr, it must bo gently inclini^d antil tbo morrnrr 
Qlk ihe fcvLolu lube, and iht dhtiini thou oIokw! if llirfL- h vijr provinirm 
J^'17. 1&A. fcir thU. Ttti» ludinnrion vrill sboiv wlmtlipr lliu iiib« b 
free from nir. or whcthor an nir bubUct rcmainii «1 tb4 top. 
FordlfltAntiransitortiktloii it U alwayi cumpl^t^ly {nrert«d, 
and tbo opening: fc^r lh« udmiAsiun of nfr prcviottsTy doad. 
In Q<itt[ii^ it up Uf^nin^ care man be taken that Uic toorcQiy 
in (he eTniom shall iwMa wttb tbftt in the inb« b«farc tbo 
Inllnr l>i->rtij* Cd moFTs «n Uifil no nir fball be iQlrodnoal 
into the tube. 

Av iiiiyir^iEi'f'ei duublv barometer ftnd ivbo^l btromctcr 
aro frpr|nnnftT srm. It idIT hn troll lo inVp advantngp of 
an upporluuitj lo obtalii llu^ui cbcaply for tlic pnr]ioK of 
lIliLttfELlJon^iliout'h tbey aro not naedfortclontlfic pnrpoJVl, 
[S*] MariOtte*6 law.— To Ulattrato ibU Uv fof 
condvtj-iailon, wr- mnke tiM* Ljf h tube bt«rrnciit.<nlly xpal«i »l 
on<> rnd a^ui bent ronud, as lu 6g, lAS^. Thl^ tube ia 
faitoaoct to a board by niHpt^ of hnut^, vXt^v u jitrip of 
paper, invlded inio Uiehen nnd tcnUw, liiu bti<n nttfti'brd; 
tills It to bo nnmbercHl Fruni below npvard, nnd TAraiffscd 
vitb irbit« sbclioo, Tbo tube need not bo more tban 30 
or 3it locrhM long, m ihe lavr can bo showD by ^aleiil&t^on. 
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jolati by veutf of If on ferules dd tuvh \GDff. 

In «xp«r1nn«fii1nf^, oni^n^h mrtnrarr h lnirt>dai^4<t tA All tho hewl and 

mt the uici^ hvi|rltt lii iolh )(«|^; iIiTu nijij rvfjii^rv n rnntlni^'cl 

illtnf^ of lh« Itdie ooe nar er oilier, to lei air id or out of iho tbort lc|;, 

b'doQ accom^lbbeil, this br^iijbt U markod. Mercury U i»nw poan.vl tnio 

te open cud, uptoaboul'i thumeTfurj of llio jthorllcff bjnidr^nHTijf 1<k 

vlH ^onpraa Uic nir to a ToIaai«, b m, and if /J bv tic licintbi of Ihr 

fUr ftt the momnnt th^n ab z m b — B+ n t i B, If llw tiib« b« 

mg vnoDgli ibo pnuuro miLv lio EiiCTcucd by vrh-^lo stmoHphorttti and 

n toliime of nir rMliirtfil iticr««rfiTt:i1ir to ^. }, j, ek'.. fr^r vtlik-h rrivton k 

Is cotkTontpitt to bQT€ the orif^Snol rolnmc a Dumbor of iucli«!i ttiritible bj 

3 and 3. 

To flcn^nalrbto llio tamfl lav for r&Terhotlon. w« may tue » ^tui tcbc 
about 30 InHi^ h:)ch and two wide, vlueod fit oue vnd Kini rtinnel 
■linp^ At ibc Ctfaor- Snr^h a tube <^an T^ndilr bt; obullied at any ^laM 
bomio. It fthonld bo ocnwntDd into n mM woodoo foot, to gnarcl a^taat 
breakage, or, miIII iMLter, ]t{a*-ei\ In n frame, ma In lig 15$, (in it«t't1on ) 



Tbe wlargeBwnt abore l« cot abai^^Iutcly nccc«- 
Miy; it iK liowovor, convonUnt, thnt the lovH 
«f tba moTjarf may not (.-liunfrc e^iejitiftlly 
daring the MEpcrimeiiL It can eihiily be muilc 
Ijcuitiut'uff ihobultomof abotlJffandceniani- 
Jng th« tnbo Into Urn noob. Any tnbo r^f stiffl- 
ci»Qt width will answer fof tbe experiinGui. trt^a 
vfUiout twtTi^ Ri^hI tog«tlK*rat od« sdiI, If Ulw 
eem«atod Ugblly !nt^ ttin h»lr in the botto<n«f 
tbe Aruae, Ajc 150. The narrow f^Inaa tobc 
ti«^ b ground flat ou one tide aad tbere divided 
oirin:oiudieti,tJit]Uiarkbch)gniadv witb [ndiao- 
iuk. hi Vif! tx^f^fm^nt, thn Inrgc ixkhc U filled 
WiUi Bovurf, and tlio narrow onr< tuf^rloii ko 
Tjar that oid f a li^w inrhe^ prnje?ti tlie cinl i- 
"Ukn du*«d with tliD fiu^cr, ftnd Uic lube dj<L >ri 
out ttnlll tho o)nt^ni?d air is landc u^lllii lo 
QOCapj Mtj gi»^on wlicio aamlnjr of tnthcj, M-iion 
the height of Iha cotumn of mcn-iiry In tlT« 
tanvr tttlie h taoMorod. The cxiicfimcni miiy 
Abo be laado vrith a tnho cloAod at one cod. i 
parUally GlIiDg li wtth (D<a*ury, 
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Fi^. irtO. 




In «xp0rlm«QU, both Tor c^DdenvtlEoo acd nrcTftclton, tic mdm Mttla 

InclicftiE<)nft of the Uitcr bstruBkoai ouiLat be btrodM>«4 mmI coiU]ilicfttcd 
rcduciiona will ctnut bfr ftroidfld. TliU ^hoald b« coatnctod for wb«D aft 
Insttvmviit h ordered frmu ilib roak^r 

[l»ti] The aJr-ptunp.— ThLb EmiruiueuL ib of Uiu Gnrt inportuM^ 
loth to \\\t o-mut^ur and to Ihc tciu^hcn sod, nt thf 1C17 outset, M j[O0d 
BD injflrijuivnt UA ihv fUTkLii vill bUuw kHouM bo procured. For tbf 
Bfiiiiieiir iLA «l41 ah tbe ohu(u{8t, u 1juiLd-|miu]>, r.^-. ou^^ MltbuaL ]*<«r or 
guides.. idl] tii»Hcr jjaoM piirEiosi:«. if wtll c»ii«trueLed \ a feir cainDt«« luarc 
or k«» expoodcd <jfi au «xpurUii?at make no difiTcronco- i^ 1 60 ^bovi- 
aucb an »tr>p(inij>« [nt«i]ded to b« torewed oa ft 
Uhle ; Oie Tv«tel« Ui Iw FxTinmied mft^ bo cou- 
ii«ct«d br c4MiiUioiic (ubcji witK ibc arm a or 6} 
or a gUii labc, 30 inches lob^, rcftebinK dowa 
Into A Ttcsd of lacrrurjr boU«r th« table, may to 
«)oaiiDal«d to h, tu fiidii-nLc tTit< dtfgme uf o^ 
hausUtw. It ift a ic^ui pUu ir> ba«« nrch aft 
oir^puDip fumUh«d wjlh a fcrcv diunp br vhiok 
it ma; ba oiiochod to lZi« tubbv. When the Air* 
pump hiiK no |>Ulc uith itn Ato|M.'i)vk, j<|>«dil 
artanjromcattf vtill be dqcmwtj for tfao «Xp«rl- 
nicuts t<» l)e dvMcrlbod. Tb« com k revy dilb^ 
ttit in lh« »choo1, vhera u uunibef of eJKp«ri* 
(nonlK Qiunl Ukual))r bo t^uiw tbruLiKlt (a a 9U<tf1 
tiioc^ In thiit ctiM the lu^tTumoDl itiovld b« 
lar^o, niih doabi« cjlindon if poiMiiblo} por 
fectloa of nrtfon is tifit ko neoMarjr, u e<x(>vri 
mniili iif^i>ro claaats mrelj requlr* ftiij fttj 
l^rtat aiiii^unt of raf c^rct<lion. 

An important cobiidcmiion lu rttV|)H't t(> 
air-pump \% tha grtntcr or leu fuiHijr 
whiHi It run be taken tu pieces and ctc«atd, 
A new air-pump should Alwnp bu t«ftled by a good b«roti<-t?n to m4 
vbatbar it performs atl ihst le clainwd for it, and «botb«T it clo«aft 
ll^illy, \i\ rpKpPL'l lo ihp flnl, irv tvronrk ibat the «x]wrJuierji should be 
tried sitltvr n'vM oa r^'clt«r at nil. or clao wilb a very aLaall ooe. Tbo 
Mcond poirjt ij ascertained by eibaustlDf Iha air Ic tbe proper degree^ 
and tlisn VAfcIifng the b«roincter f^a^v to act? wh<^licr any utr p«iietral«^^J 

[loflj Mana^eiDOut of the air-putnp,— Tie nLr-puuip, f^iJH 
Its itttarc> rciiairts rory csriofal bEtDLJling If ft is to render good tcrrlce 
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iOT a Ufhfg iime. Abore nil, ol«iui1inoa is twmurr, fthd U thoiild itior»< 
fore he inktu to pi«ctu uact il jreur and [mn?rulljr dvaned Ihruu^huiU, 
ftftCT wbicb frvh u ntm shoulj be Applied. Tbiu cau be done most con- 
v«ii*eBtly wbeo tb« alr-pomp ttxpcritnonu for Uut coofN havo b«0D 

EsparlawiU ou bolliuif imtLT fa loruu, liud tiu freexiui; wtinT. \rf lliv 

[lOQ of «lhcr, bIiai>At nccuuikrilT' roqciin: tlic dcanini? of Ihe ait- 

ip kU^r ib«m; oit wJttch kvconat tbej ihonld b« j>i>rf<>r[i]^ imni>- 

Itfttclr ftf^ tlivf Air-pninp e:i|terErD«aU profwr Th«cl*«Qlrim'Ut>e«tdv&» 

ilh bloUiag- paper, vhJcii auiv br at finut moiMc(]«d ^ritlt alcoliol; ftftcr* 

ffafilK ilie pi»tOD and L-tK'ki &bouid b« f^iuvd afrOftlL Thts grvoMt mutt 

bn pppLln] In the plitort, tuui not to Th« rylindcr : In Xhe lart^r riutfl The 

•uperdauiu greue would Ixr pcubud to the bottom, and prcrciit Uio 

tfoaplato d«flceoi of the piAton u vrell a3 atopap iba labea. For the 

tni va nay employ hofr'a lord ; Tor tha cocIcAt tflllovr, »r a niKturo 

Uib with nil L'cpjul iiauEiiiiy i^f lunl. Tha |nitun nidii nud rack iihaald 

I ofkd. It vtll tic well ta keep ttit t^ruaao oorvcr?! in a vmHtjl, aa^ 

ipacial cara abocld bo tak^n to have it ontlrily !>«« from uriu 

It !■ a fpM(l pUa lu pi>ar n ttruium of ail } 1o ^ an ificfi dcirp ttl^avc rh« 

pblon, nbicb orU likie tb» grriue fu lh« tiltLfliii^>b4jx uf n stca^u-mtHiu;^ 

kTlia pifltopA clow belter ^ad vrork easier, but th<^f n;u«t lU tifirbt ^aooj^ 
to ffaraat ttia oil from raoainff down iuio tha c^ylindcni. 
SlKidTd It Im imposHib^B Ut k«vp tlie nEr-pmnp in b glaai-L^aaft, m&ke a 
iporoT of paateboaM. to pixitect k fr^ru duat 
r A jroad nilc far kcopiaj; th^ nirpamp in oHar h noTcr to attempt 
Biotiiig the pUtoa wbeu tha inttrnmaui U <^old ; tbui In wtoter It ^hauld 
be k«pt 111 a warm room aomv tirui- tn^forv i\ftu 

Tho cds« of tba TTCcivcr xbould bo nibbed with a talbw candl«, or a 
misuiro of Unl ud bcotftrajr, b«fora betag plauod oa the plata; trtll 
rwolTtrn, howPTrr, rw^nlr** nn p^n-flsr, 
Tha uotioa of (ho Ic^or iiiu«t be »lan nt Hrtt* u the air in the narrow 
shajaneb r«^aires limu to diffow Itaolf lu ibe antire apace; tfao sudibla 
ing of liia ftir, 6r tht> contlnovd linking of tha ban>iDat0r ^ngt*, will 
Indleati^ Uia raptdiiy ufvxhjiasUnn; lu rarDfiwrLbn pronaadii. Uir moTrmi^ul 
of tba pbtoa maj ba accaleratod. Without tbia pree&otjoTi much labor 
yrfk\ ba kat, and thv troablo or makinjT flir-pump axporimnntR gr«ntJy 
tMad- Scholnn. hovevnr, ur untikillfal ansiHtiintA, do not poiocit tbo 
of n»vliig tb« handle rrtculnrlj, aoi irragulor aelioa It aEwajti rt;rj 
llojvnoiia to it 

X re^TOr ihonid nerer h& rern<^Ttd from tbe pUl« or tbo air-pump 
rvbea tbe tf'r wkltia ii in the leoat dvgrav rarefied, without prerloual/ 
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ItuUff in the cxtcnkal nir, Ucdiot&I shoM bo effected by ilUiiif 
r^oelfcr oQT tlio edge of tb« plnto^ rouHnff it iili^bU7 id tbo operation, 

F<>r erarj oxp«rlmeiil, rh« aoialleat ^siitle re(.-«Lver Khoold be mUcu£ 
Vcnr HiiiciU rrctlTcrt niuy he riTa<)il; inadt) by l&klug glan tombl«ni, hIUi 
fttoQi boltums, (iDtl ^indiT-^ olTthc cOgc. ^H 

[luj] Minor ropairs of tho air-pumpw— Wh«r tho pisto^^ 

liwiJincK IncKn hj loTi^ nsnj^'^j tt. mny for n limo be rcfinln^d Ijy BPfrwinj 
up tUa motiblc disk on the Ioiri?r fucu of tliu pislon. Tbu plngi of 
stoi>-«ODbs hAfe a tit-btccibg'Eicr«w, bj mcan^ cr wUicb t^o s^real freed 
of motloD may T^&dllj ba corrected. If, hovoirar, neitlier pUiofi 
Click* <.-4ri btt tigbtffftml in the -any mvuiumaii, ihe tiiKtnimtvil hIiuijU) 
reLurntil to the iTjak«r It ia oulj m ca>^ of abacrlut^ bOCuaiUj. or of 
cotDpotont RkiLI, that ro^oni^o Hbtmld lie hnci t} frMli ^inUm^ of the pi 
in Ibe bo]i>, by itK^oiK of a{] nni] Hue piimic*}. 

Thti ;^1ii» Uy«r of thi] |j]ntv \a si^ujt^liiuts looa^aed ftoia ibti ftul^jucoit 
metal* in ronfic<|ncnoc of the oncijim] cxpnriiun of the li^a (Tib^AnccA by 
bent. In ibic t*LU<), Iho jihtc U unut-Tt^wttl. t'luh jiari beni^rl lopantcly 
naiU llie oement flows readllj, tbe gtflhM hvM fn(.-u iIownwisH on m Ublo, 
protrcUd bj coTcrul laycn of pap^r, and the tnttn! ti^blly and accaralcly 
(iroBBtd down ttpou it, s^icb a ivtlsiing, «oaoi>atrio motiou. Aft^r cooling, 
tho ftipf^cHCfl Cement Is remnvfj^ n~UH n Icntfik, In t^ann of ftv^h cement 
bcin;; needed, it mny bn mndi; of Ahflloi?, triib j of vrax juid iLc unn 
qnantUv of turpentiuo 

If The nlr^piimp U fonm) to lenk In any pan covered ^1lb 1ea1li«r, ihU 
tnuit be ri^pUced uiElt frttsh. Chaiuith knilif^r. MattLriilnl wtih a bet 
mUture of Ultow and latd i[i equal parU, is be«t for IbiB parpo«e. A 
nmall ilock of cneb Tcntbcr nbould bi> Always k&pt on band. If tbo leak 
occor vhero glaAS U eemeuted 1u, Ib^ pnrt laasl bif uuHiirewed, ht<a,I 
Iho glafti r«nrLOT«rl and ffcably t^cmcutcd idtb ncalin^-wax, cju« bv 
takca to wtirm xrcll both plnss and mctaJ, (icclion 4&. ) 

[103] Experiments with the air-pomp, ^(l) A bladder 

pnrtiy ftllr-.d iHib mr lind ticrl tightly cApnnd.i nhrn placed under ibe 
rccvlTor of the air-pump ani tha air exbuusteil, which may be earri<d no 
tkT aa to bnni the bladder Thin bljiilder, tiniest pr44(irTtd xicid«T the 
nvelrer of Lht? air-poiup, iti npl tcj bi- eAicn through by ItiKUTU. Smalf 
india-rubber baira may be used for the same purfioeo. 

(t!) The expuiiiioa of the air pay hv ibown by a jrla«« raatrais, nearly 
fill«d tvilb wjiter aod InTert^d h a tumbler of vater, vrhicb la pineal 
untler the receiver, fit;. 1^1. Ikbblcn of air arc at the Aaue tlmu c^itri- 
cQied frcm tbo Mf%i&T. 

\Z) Tbo rc(?B[T«r ia Eulr-nnl en ihe plato by tbg pfijavnra of Ibfi 
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Ctm la DeOMSfiij to moid injarin^ tlie air-pump bj e0orU to looMn the 

(4) TAif i/dj7^irftur^ Ht^mUpIurcg. Th« bott vaf of «xhlbltltig lliln 
exp«rinieQl h to Bttncli a 

wdf:at 10 tbo 3owor hemi- ^;?- '^1- 

iipb«re by ft hook, or Hio Ut 

liKfa Ihe lower fiv«tcBit?d 

to ft board, uid tho ria; 

of tbo t>pp«r to tho Alion 

ftnaofft 1«T«r,ftt ih« oppo* 

alt« cud of nhEcli ucliEljId 

mo J be otUKrhcd. la 

Ibb way th« ^iftct for(i9 

roquirod to pnU apart tho 

bMni«pheret cftn b« csUma- 

tid. Tho groaad cdgoi of 

11m bemlipburB Hhoutd ha 

CMtiod with lutlov, ll 

«hoold Sr«t bo 9hcvf\i thai 

fht homily phorvi luiy bo 

n&Ujr a«|)iimtml nLtiu filled 

vitti air, 

(5) J?urrfin5^f>/"Wa(frft'n*. In ihU cipeiimvat, Uko a frwih blodd&r, 
T«I1 blown OLtt. a&d U« Iv Ughtlj over a cjlin<lL>r or oirvn noeTver of ino:al 
or giMi* ft or 4 inGh«» !:» diaoicl^rH ^ronod oa both cdffct. The nppct 
Md riioaJd have a hood arouail it to fiMicD tho bliuldcr butlor* Uj^. Hi- 
IniMdiotol/ before tb« p:cp^rlmeni, tho I^Udder mnrt 
hn tboroosl^ly dried by n huL Arc or motp- with* 
out tbia precanttoa, tticro ia g^roat dongcr <if ft railaro 
In tho oxp«rini«aL X tbSn gUu8 plate tuay aUo be 
brokon. If InTit) niumgh to At nlr llj^ht an (he retrelver; 
the bote in tho plate muat iu ihli ca«r, u well «» In 

othcn, bo QOVtrTod iiL fiuvb a vray on to prevent 
vpllnton from jrvttiiig into tli« pifi^e^ ivhi^'h uiuy Ijo 
riofto by lajin^ a plw^r of frit bwldc? tlic- rn(^nk*r. Tho 
OOnuBUicotiou with tho bnroEnvtf^r pmct. m Hiir^h r;E- 
pitiBWAti^ moflt bo ciU ofl', to prorr^nt uijoi'y fruia thu anddcn ciLtranoe 
cJftIr, 

(fi) Tho bAtomeler» ploi-ed oodor tho rerHrcr of an Mr-pomp, faiU 
during iho proccM of cahnostlon. For tbU tcry losiractiTo exporimonU 
doko a high, mrrov ret^dror, fig. 16^ out of a lar(|[0 ^ots f^anol, and a 
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lonjc gledH lutw, huriarllaaily neftlcd at one rTii). A t^n\n i>f braiii nr tJn, 
ttQ ioch or more loo^, (h tbvn procured, filling over tbfl *nd* of the two 

giwt sriiclw when Id contoct- Bj 




nj?. K3, J-V-^. 1C4. 



J^'u If^'^j nittnc of tenlhi^-H-nT, a pArCnHlj 

ttif'tif^bt jamt ii mode; Ibr* fDiind 
must, of coarac* bo irro-nud ttS 
at ihti Tim. For the b«f<amctor, 
may be used ft TorrU^rfTHmi lube 
witbont »ca1c» fl^. 1G4, Cited isto t 
bottlt* by ft cork. All superfiuoiis 
meivHry must be poured out of ibe 
botllc before InsorilnK thv curi, lo 
avoid The (lanjrtr of rannini; or«r 
wLeii tb« tiietvurv d^JiK^.^ndi hi the 
thbc, PftTf mn»Xf of ronr*^, be 
takea to have the tube to Eijur'>n 
*« Tiot to hold too runch. Another 
vorf good rorm for ihia eKjwrimvnl 
io fthoHii iiL fig. IG.'^, An air-jjunip 
reti'iver, oppii aboro, ia filled vilh 
a brass collar with ivo tubOT: Ib 
oiietiibu b fltied an (irdmarjKlphon 
Wofiielen b iW otbrr ft doable 
bent iiibe wiiba Te<«e} fortDerenrj, 
Afl ih« uir ii eibauttisJ, the tpercary 
ru«!( iu ibv lutter, wbile iL «Ink» in 
tho bftromcUr. In i\ih coso, aUo, 
euatioinnneGeKttai^ioftdinUtmjcftir. 
(7) Wood U Bp«*|flt-n1Ej bearirr Ihnu WHter. To flbow tbii fe^ |di*U* 
of ibe air-|iuijip. ciiiiGuv u block Hi Llm botk^m of a tamblcr of Tratei hy & 
vciKbt I'IcLcc t)iT£ atidtt a tvcqWut^ cxUuiiHt ibe ftir, aud Lben k-t il in 
ngiiD; tlie porei of tbe wood nlU tbit< bo i^lkd wKh wnier. The Itgbtctt 
wood nltl be foniiil lo roiualn at tbo liollom uftcr rcmovfiiK Ibe Iikqih- 
bent neight 

(¥) SoDud uease^ tindor nti eibaa^ted retiei^^r The »perimfiiil nm; 
liP iHfid Ijy nirnnB of a.n nlwrm-rlork pliw<?d audur n rrrch'flr, or hj Enemn^ 
of ft b«1l vuspTQtkd frnm the top. Ia eilJicrr cftse, tbe npcrlmcot wiU bU 
Lf the tLpp&ratus touch adt uf the ^olld parU of tbc pump. The ftUm 
cauMt. thprrfore, bA wt upon a loohc bnurh of flnr brmp; or lb« bdl 
nispviKl«] hj an untnlRled ihivnd ufthe same muiFrial- 

(0} Wflkter boJIt ftt ft Jov tcmpemiurc, nay 0U<^ F, wbet^ tbc idm<h 
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iiko QM of a tmaXi rc4^dvcr> aad n hi^h. nnrrow touuI of vr«tor With 
-%x>o Urg* ft rM«tTer, lh« vorUo^ of the piim|i will nol carry ofr«noagh 
^^tT the wotcTf raiKir, trhlch or ffiHf vmitd kt^np thn bnllinfc point 
:Oom siukia^, antl vith m mdc water tf^iap! too much rapor will be 
^4>nD«d. Kther vTAporfttoM ^1111 tnorc Kodilv. To i\iOvr tliU, put aonio 
wiAtfT into a nirrow ficlux tube, iirn?ri at onr end, And drop In il vmall 
«^JUiULy ureihvr: itiivri tbt? (ulii; in a «iimll vckwI afttiuer, kiiJ Lilaoe Mr- 
'^whole nndcr tlic Bir-ptttnpH On cihnaBtiug the hk. the «tlivr vr|]l v«pi>ri£0 
^K&d driT* oat all tha wator from Um tab«. Id bo Agmia condooied oq 

(10) To brlDif water Uk ibe rretrxmic point by lu cTapora^do, aeilalf^l 
^>j Molphtiric ecid or bf the TAporiXAtioa rjf other, tlic broMi, KhfUl^iw 
'vevel GOviUintng it mmt rcil an pie^tut of cork, to prevent ^.'onda^^lioR of 
kieL The fillier U beiiL, linl the vjLiwnmetkL should bi* pi^rfunuud UT^ tJie 
^1o«* of the counie. m it* vapor act« Injarionaly npon (he tr'caiG of tbc 
■^ir-piunpL A ntpid oxhauitioa will ho nairctJAry fi>r iiit47o«iJi. A ii«ut 
Corm of the eEp«rimei>c i^>>n«1t[t4 fti seuing n vak'h<gla«i f^Tbrl wUh pih«T 
^cAe aootfattC peitl/ Qilcd vith water: U^e two f£t»84'>t wiFI b« fraj^cn 

StrtiDg ecL<t muAt b» mml fur the tixporimeiit, of uhtdi Gg. U6 Khou-i 
lliv detalbk The upper urhtii-h^gln't^ ruiitaliiliitr th« water U «et tntn n 
rieg. batciK^ hy its vteni to a hoard, on which re«t4 the flat tiwoI 
04M)teinias the ncid. At it it dinir^ult to ffct acid of i;uffi('icnt ^oaceatra- 
tloEi to vort satUfootorily* it vriJI perhaps be best lo adh«re to thv 
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til) The eipAOsion of confined air wiil burnt a veawl when iho out- 
^i**^ prt4nr« in romoT^Ml, For ihiu purpowe, we mny hert \w. thin, blown 
^1>H, flfT, 1^7, of un iut'h in dtauii*T«T. Hatleneil at tho bottom, and tlie 
*^in Buled aflflf cooling. 

(If) To show Utnt a light goeN out ia mrafled nlr, place a imnll 
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buroiajr wax Kfrhl to & rL^coirer tn3i «nongh not to be ftffecled hy the 
}]c^ut. Thv tIgTit «n] l>e Touriil to go out nllli a Tew nlr^Av* 

(13) Steel sivtt no j»p(irkK, «nii EQnpotrder barus nilbout nsploflloa' 
in a vjuunm. Fig. 1€S ckplaliii Ui« gcoernl ftaturtM or tic omnF?ciuciit 
-^ ,-j. *'j wUich iLU f*u be 

^' "*""' r«Klllj *1iowB. Tli» le- 

ver Aimu^nEnenl a U tit 
oir by m«an« of a n>4'' 
itllfting ihrmifch a finff- 
in^'bux. I'on-der may 
l>o frft oti flnj hj TpeiwH 
of II leiiH wtthln un ei<- 
liHUblinl teuviYcr; lial it 
^tl be foua^i to tnta 
away ■lowlf lAitUoitt «x- 
pbfthn. _ 

(ll) Tho dpLan will not Dct lu a vMruaiu. For Uti» cxpfniactitv^H 
coprtmct a riphoii out oFn thcrmci meter tube, lu iu liR, 1C9; tito oi>ffiiifi(c^' 
at <i H oloitei^ wlih the linger wlill« lie lithe Is helng filled by unetfon. 
Tlir rxiirrlmrnt van nn]y 1]<^ mitdi^ wMi rnlfijrjl,/ witli mrrrarjr, Tb\s in 
poured jDtti A rutlicr hij^h ^Ilm vqac^I, clhcI a loner one c«l bj Ito side to 
rcc«lvo tlie ocltlow Tlie o|>eiilng In Ibe lube at o itiaj re«dlty be Dud* by 
cloKin^ onn end nnd blfiwlnpr Kirongl; Into tho otlji^r, wtiioi t^in CMwrexliy 
it \t Heftmed orer n spirit- lump. 



Fig. U9. 
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(15) ir one leg ^ ft doablj bent glnM tube> opcu at botli end*, 
tti*<?rlwl. nir Ujrht, into n tc«»c] IiaK 1^11 of «ni«r, a, fij(> ITO^ tho <-U»*^^^ 
enil UippSiif^ Into i*, nml ihi* whob plaoed unck'r the nir-pump, f»rofi(!tl<^ ^ 
outiUt: will Cftua« lUo air in a to rjiimntl aud foKV the cootalued vtit^'^'^^ 
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9r httn b. It tbr inbp U vpnirn.]^ n Tlirrro'iE ronnLnin nf Ihn Kimjilnirt 
comttnKtioD iHIl he ohtainixl ; if thin btur be Iiroti^bt uudtr the nir- 
punsp, can uuM tnt Uik^ii not to coatinuu ibo oxpeiiineDl too lon^, cl'C 
wat,c?f vill get bto tliv pump, vliicli wonM bo [i^iirimi« in otiicr eirpcd- 

t^ 1 6) Tlic r^dowiDg ciptfiuienl is iiiiirytllvc for ilio lltory of iho 
sact-loD-pdinp. i. Iftf^ tubv, or a higb, narrovr rocBlrcr, A, dg. KU it 
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fli?, ns. 





J^lTl 







fitlod with & br&ftA Clip if, iato wbloh Iho plnif Cit 
■crfrA'cdi thi* ha* a lokmbly niJo jijjL'rliiru bf^l-jw, 
mlif Tvbldi H bLuuI ^[luiTt Lii}R.\ iii^aiiy Ha lung lut ibo 
roceivtr, i« ccniontcd; llic rest ot ibo pla^ U pnfo- 
nt(M with u rm« bolo. It bud & tlut lienJ, on whioh 
II viiirs of oit^il -ilk U ffthttf^^l, -iiinilnr To iJinl ilfl- 
Kcnbcd ia No- ^5 of thU Jicctionn OaO u M^rc^cd 
tbc tuniLU air pump /I, tbo pxslon of siLiuli hiLS a 
eiTnllar tnlrp, »bowEi In nMaral b^zo In Ag;, IT'2- A 
iiiiri'iL! / 'iju i . ]»lrtttU uiidiTr tlici rci^pii'cr, hto "srlikh 
ilw iii'H ii.i-- When iho Hnrntl puoip l4 worked. 
the tnor(iiinr wiU b» drAVp ap, wbicli vrili not tnko 
pliu^iT wliuii ihn air III Itiv ri^^tlvcr u uvhuui^ed- 
Ouv itruke of tbu pumpruiAeB tbtt mercurj ttuindcDtlf 
hi^h; ibo vairt^s may IboriiForo bo diiipvnicd with 
aod ih« pump vcr^woil dirwit/ on the uionotlTig B. 

(IT) A vdcy bjinplo apparstutt for ibo qulcksilTor 
rahi may bo luridc' <iut <if a limp chimai/f* fi^. LT8, 
vith tlio tow«r «Qd ground nG. Inlu the ut^ier oud It cerin«ni«d a ploCA 
i>f ftalnut voud (^I^iwn [ik fifction In %. 1 >4 ;) a «ccoiiil pic{*a, (Iff. ITO^ 
ii Gtt«d ia;o ilic bot-tom. to rccRire tbo mcrcary u it folia throagh, and 
preTQQit cTcn a drop from trcttirg iitt^ Iba alrpamp. 

(IS) TAf ^{i^qcff manoTiifier, To miD ana of a. minll balaiica. 



ISO 



FHTSICIL RXPSmMKNTinOX. 



Bf(. I7fit proTidDil TJUi t support, y» MtacLvd n Icrgt, hollov m«uJ hi 
aokloreil sir tight, wh&ch t« hflluiml hv n luillrl hall on the otli«T siilu. 
TJiu brUaDcn munt haic ui ftdjunting !a^:rvw i, ■« ttte <baiigv» of preiaora of 
the ttir di«iiirh tho eqaiiibriam. In aa ozbftoaiBd recelfor Ibt Hf^ b*ll 
ir[Q BinlE, t>&caaii» it had bffon bao^vd up br th« otr num ih<« tbe volld 



r«>j ITS 



i^nt 





It fre<)cL( htl/ liiippGL« thitl air i^ to ha nruG^cl in « tmmI vlilfh 
e«» it^Uiw Iw wrawoc] >^ tht*- nlr^pnnifi i]i>r attftchei) to \hv plftic. For 
thifi the:#S|MiKic tubes, r«ircni)y iriTcnitd, nre vcrr contcnietit To oao 
«IM| tt hitennl % brvAU tulj«. Up- nr. vitb douHa millod bdft*l, to Ta^ ilitnto 
lli» NCTtnliig on to ihp |iiimp, 

(20) Ci^nfjr-nTOfion a/ air. If tbr alr-pamp !■ arrnajceJ Tor covidea* 
Mtlon afl w&ll M Tar«r»cTioi), attontioa mtut bo paid, at crorf cxporimont, 
to tbo corki, for 1h* parp<ii!« of ftAC«rC»InEii^ wbethor thoy bo properly 
inljunlHl or (lut It fur inKUiji-n. ibe nppumtiit bo mtjunl^ for condwi- 
«jtljot), and ft r«coWrr be pla<r«<l on ih? ijUi-; Tor mrefuctLon. th« odbesiun 
bnivoon tbo two vill bo f^afflf^icnt t'> retain iho r«coi?ar, wliicb, &t ihv 
ttfond xirokv. idbj !)<■ ihrnwn milln-lr dfT Tho rcGulrers^ lu wblcti th^ 
a^r la vouipre^fod, should \m made of firluaa, } of aji locb lliick, 
IbAl Li viU not b« noccwnry to tovtr tboni wfth wire fvauK. wl 
iMirtj deitru/e (b«fr iron«pareDoy. It ia bettor to hat* n ^i^pnrKTi* p 
br thU iMir|ii)&if, to nhEi'b tbo receiver may be ai^reweil ilovii, an iii Qg^ 
17a ^ 

(21) A qiAn«in«lor of the BJcnploat ohnrtittor may h* conF^irnrtod o^^ 
of ft gtau t.uhf* ricjwd ai imp mtt, am! of rn^arlj pqLial dininctur Lbrough* 
oat; thi4 la diviJoil into inchea 4nd (cnthfi, by menus of ink ur Hcratcl 
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tAd then SOMrMd Into & TMw! with rn^mirr. hj'ini-rtn« orrnrk f>r1niiher. 
UU nvtadvlnbls to itM iho m*famp tor coadc(uio|^ to mora thftn two 



/Vj. 119. 





Ui 



(S^J If ftir be fvTccd Into t, Ilicntr's fououb, tbo cacftpe jitfe of 
^hlcb Li ph>ri<l<>cl with u iiop-coeb, w ia fig. 1T0, jcU of vbtIou* kind* 
^*y bfl Bcwwcd uii :ifii' ii^miotIiijc Li from tbe alr*|iiinip. Tlie ni»tnl of 
*^i<:li IhU foDittftin i« (JiAdc mu»t be nt IcOft 1 tailliinctiT llJrk. ontt will 
^«*ii bcftr, vnth the dimmiBloua UHJi^od, a pfwran of tvo atEuvaphorAe, 
* tb« «A«mimr» banl luild^TBtl, 

CSH) a flfttteocLl glum bulh, Knch ax dcMcHheii In No. SJn crunhn] m 

C^4) If Uio iD»lde of the oontJaas^r b« moivlnwl and lh« oomprwoad 
■'■ lUlovrd li» i-Jtrnjn* iTiiMonh-, xh*: vhtAit mculwvp wtl! hft flllnl vrkh 
'*l*<*r, c>ii](it^ ti lip niii^J luwL'dug of Uic ttmpcnilunv 

t^S) Ll«iormainlk*>T»ii of thu aj^ociftc^ ^rovfi? ftf jpaeos will wftroel)' fona 
P*IX of nr cxperinnMiitl (^otin*. For Ihiii U will he ■cffl^'iont to thow thn 
^■uictVEici; in wci^tjl l>uL\ivi<ii tt ifliL^A btilluon fillnl with nir anil tlm mme 
|''>*ptif(] ; ir\d ft;nw", when filled with condcnwl rir. A fflon tube may 
"^ utt^j to vxhiljit tho tiuDO «3Lptrinient. Wo moy, in thia plaeo, dMoribo 

^ Vnode of dQJii^ gntt^M, n« it will ('umi# into plaj in oLlier rxperiint-nri. 
y: eloM tubr, lotnc £L fcot lonjc aoil ^o } iovli in diameter, fi^, li^U. (s 

**^tl vith oblorido of c-uitiup, iLud clospd by ':'orkii. The cork* ore 
'^'»*»riwd «iiher by u hot w1r« or «!«« bj tJii! cork boror, «o w t4> admit 
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PHYSICAL £XPKBIUK5TATtOy, 



M eocli ODd It glut tiabe from 1 to 3 llnr-A tMuk. Tlic ^loppfrs on 
cat down to the lovel of the Iatk* tubon ^nd bouuil wUh fttripAvfcuomobouC. 
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i« apparafuH (bufl nrrani^od Is coDii««tC(l ftrtt ffiUi tb« looei^or or btf 
hoMiiig the i^Hfl^iLJiii thi^n ;FUhUie«xbim«c«d bftlloan, aft«r r^nnuifh gu bu_ 
hi^ca fiitvcd ihrougli the tubo to nxptil aU tJie fttmoxphvTio bir. 

Id deifjmiSniafc tt« roUt{r« ap^iljc envltlea of aJr aod n»(cr. bvoUli 
iho niMiig <ti tJia bftlJo<>n ^hh waur, i^pi^al cnrc miui be tftkcQ ia clrjin^ 
RgiUD, ivbTcTi rnn only bo ai?4^amj)][Fiht*i1 tilfty-'lunllj bj rfif^^atM ailTnlmioc 
aud exLauKU>>u of dry air. For tlU reavoti vhv vxpvrlcQ^Qt ia not 7<U 
ndaptcd far whool tiintrnoUon. The rotuno of nmalkr tm^gU mar be 
d(!ttriuiu«ilb/iDei[i«of Dif^ivurj. If Doxeiwil viih itop-t^ork Vi« ut batut 
and il be lUCfCil/ iltwir^d lo bbu>v tbu JiflVri-iicv in vkcigbi, bviwireu a feuel 
foil of 4ir tnd ono ompty. noy tbm fla«k may be mado to nniwrr tb« 

purpot«, bj clo«ifig tbe noatb triib 
n jfno-l rMjrk. (ii«rv^ hy a hot 
wire filial driTcn in np to the lop. 
A piocu of olJuJ tUk i« U«d tightly 
ov«r tho eTopp«T and tho «tid of (b« 
VCM^I and tvvn pikmllcl ctjia inadfl 
Ea tW nilk. a nhon diatanoe ou «acll 
«»d« of Iho perforation, 4;, IM, and 
Ml a Targivr v-nlf \n % IM2. In 
tbii way vft obtain a ftry simple 
ftud <^ftw(ivo ralTs*, appllcttbk ia 
many oth«* cujic*^ The flaak, aJter 
bring wpigb«3, Is plafc<l umlvr ibo 
aniallost rccHrrr poulblo, and the 
oir Qxbauatcd, an«r whicb tl li 
n^hiii velgbed. A plol fintk will 
nti^wi^r for the pm^ose. By the 
inU-n'^aEiou of Ibo contrivano*, fig- 
1*3, tlio Haik TiiJiy he comiMlfr) by 
IT^xIbln lji1jr!js nilb d hnnJ pnmp- 
By kicrtitijc tie cod ft In It© fintk, 
it tuftv iw* uMcl for condptmati'^n. 
THn cnrks arc tarniih^ «i 
in|f-tval- 
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(dfl) mi of hodin in 
^xhdbiUiiff ^'t Mpcriineiit in by tuking o gloift ti3t», Trocu :£ to 3 fi-ei loug 
aadfroml iol^ifK'ELliiiliAiQ«t^r, w[ttiii)(liibrex»cap»»t both oodx, and & 
4lop-cocfc at OQO end, A coLpIo i^rTlU (if Icttcr-papcr nutl n bodon »hot 
sM imtrodaccd, And th« difl'(^rollCo in tbe liuiu of rolling oxbibitcd before 
«xhamt]on, bj retk«ai«d1y Intrertlng ttie tube- The «&me k done Aft«r 
^xrhHuUon. A TeftUier vtll Ukt lon;r^ 1o fall 
"tiuB Uie paper, bat there U more daQf^cr of iU 
ttlckiag 10 tlie aidea of Ibe tube, in coii«e<ia«nce 
of Rnmrn or Al^tririil n<4loo. 

A g-fjutt ibould be Rclcctcd which j« li good 
&H«ktor, »o tbftt it m«7 *Jto bo lined for cledri- 
cU #xp«rim«ot& Thoro ure numvrouB arriLQge^ 
aMditA for letting tliRt wo hor]]nfi fdl nr tbt^ ^\mit 
ioeUmt, hut thcj oil roqaire tbc rcccirtr to bo 
«xhflust«d for flvflrj deic«iit; Iel tbo wnj de- 
vcnbed It piin b^i r?pi?nt«d qnlrkty, if not di^net 
tho Cr»l time, 

[lOa] The alr-gun,^Th« form of llili 
Tftriw to murh llut a dotAllod detcrtptlon 
wmid bo uMlem Somo goto maat Ukcn in 
chtrglDf th» magulne. Wban It U doubtful 
ltL>ir niftuj vtrokr-4nf ibe coiidoiiHer ibe mugaKlno 
«r]U bo6r withvDt bunrtiDgr it is Kafcnt to iinccr* 
ItiD tiie r^AtlF4 oapaoity of tb« two bj filtlag 
ibrrn with all, lULd mirnJiiim ibo thlrlcnE»iL« of tho 
idtIaJ. Tbo nfgBUii: n^ituro, i,K. I.lio ttpAfo 
tclwooa lk« Tulvo of tbo mngiu^Tnt- unti tho 
pletont U ol^n ^o large u to reiidor aa o?er- 
chirgv Impcwffili;- 

la chjinpDg the ^n. the mng'A/Jnc U scrowcd 
oa to tlio coudcTiAiu^ ftpparatUB. liff, ]S4, tho 
cTOM^bar of th« pinon rod bstU ISrmly imdor 
ihv fewtt and thn mn^n^iTLP mnvrd r^pklly up 
ud doim, tbo pUtcn bdag druwa oat hr 
oiovgb aI f«ch etralw to &dmlt tbc olr through 
tho laUral ftpttrtnro, ni^d \h^n qnlnkljr thmftt 

don IC^D. Tbo ihlnDon inU;(t nol. mule too 

tigblly, for tbo cpcmtiou \s tvtv futiguiog. 
Very fcr ttjr-gui£ nill retnSu a full ohargu oT4r 
24 honr*. 




P(1T81C\L BXrBDIMBSTATlOK. 



[101] The tdphOTL— A nlphon with tinn.tinn tnlw, fig. 1K5, U dmAI 

to expliiu iu acLioD. White lacking, tho oml 6 U dosed nith (be 6&f«rp 

Fig. 18A. And «ftr« ti &«t>caaajry to »ol<l dravlD^ th« liquid Ibto 

^^^\ ^^ the mrtiith- Such » ilphon maybe mndn bj^^rocfcing 

off lJi« IjuUum uf u ra1ij);a« boLLl«, uiil filUog il up aa 

«hown m %. 14^;> 

Wo have nWody |{iT«n an oxpttrim«nt idlh Um nphoa 
In Xo. U or the ur-pump »Qr|e«. (p« US.) Aoutfaer 
_pj niarlif^ «iiowti bj tukm|| b lutuUer ftQj dSmcntlnf *If 

tigliL on it a tib r^oTcr, with twoibvrt tuboamit, fif^ ItiT. 
Tnto oti« Si tJghllj filt«d ft b<iit glsM iab«. ibe otter 
bdnf for thv^ inliMiluctiou of WKtvr ir the siphon U Mt 
in operation, the flov vill contbue as bug u ihc npcr^ 
tnro a U opirn. fiut ttlll o«aM oo Uoticf; ili^a xiili th« fiofCi'T or a oorL 
Thd ctq> of TnDt&lnn timj mftdltj he connructAtd I7 im^ tliinnr, afl«r flg- 



f 





18a Tilt wpUciH «jfT« M fr baail* and opcos In tbo faUcd bottom of 
the cop oto, wbilf Ibc otbpp end is on u l*^el wilb the fojt Oc iiTIiJi|f 
tho «p whb Wftt»f. tbi* will iiJimflrtlfttHT run ol mid emplj lb« i«*tMl 
C4>i[ipti'icly. ir > i;?Hvi itt^vl mih an op«mu£ iu tho bottom 11 ftt luad, 
ft curved lupbod nia; be Sxed ia itwJtti a o<irk, 6g. 1^9; or.ufn fig. l!Ki, 
rimplj o fttnlght lobe *ith % Urgor mho cXwrA al on* end lovcrud over 
It tliU IdIio mntt bp n liit^ln loii^nr Ibuu tlw lun«r one, ftod oot ao high 
OA iJio top oT Ib^ Tcticl Thu water will 0ow out u toon ftii It r«A(dM» 
ibc top of the aiplion, SmnJl bottUn wilb tb* boUcia cM off, ud ibv 
Ofict *«! in tL wooden root, will iLtmwt<r Tlie purpnw- 
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A. ifpboc witb an atr cliuaber lofl; Tie mode by tali^iL^ ft Colo^« vftter 
lUle aoJ ciittluf vtF tbs u;ipcr parvjo&t below lie neck. Tiro xahtt 
ro ins«rtcd tbroujjb ft Rood tifrbt cork, tb« ^horUr bciofr drftm into n 
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o 



^^t aoil pToJfi.^tlng more tb&u tUe tong«r, Dg. 191^ On tucking fti tbe 
'«r c&d of Ibo l?oc iQbo until water cuoQ^b In ^nvra otcr lo cover ibe 
^l>«r eod, «• niU bavt a conibucii jot of wuter witbb the botUu, 

^%fl Wlriombfo^ flphon <>ontUu of & iQbe bent hi &n i^aitt nngje, 
^^^ like IcgJ or tqaal Icnictb and tbc cxlrcEiiiti«> turned up ; ibis iua; be 
^■^e up aihd and wadj for iomit^dLaie use. 

On ttffootit of the gnnoral ut* «f the siphon In deojintlcg from Iriri^u 
^fifcfili, it i* afWu TAiuimiout to aIIjk^Ii & plisco of laiUa-rubbrr tube to Itie 
of tie longer limb, an^i cloiQ tbia with a clamp mode of bcnl wirs, 
Eb M 14 Mhow% bi flgft, J9^ and 11»^ 
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FHT61CAL EXPKUIMESTXTION. 



[105} The pipetta Ii a Idbo of metal or ^h*s, ftbool fi 
nridQ, Ug- 191, which con bo cloud with tbc tbmnb At tbo top, tind cods 
ft £119 point loo thftD a line In dlftmeter. 

A grvftl Tariclj of mmuufng l*jf? may bafoni^tnu:tcdoii 
JTj;. 191. ttitnti priiiclplc: Ancb aa thp ma^jic fanucl, tbu widow'* c 
or OJI Jag» Ibo vofctul'd klcvi>, the magjo caa, etc., anj 
wbij'h <"iin rrndUy ho mm^Te by Tbo Tinnnr 

Thn mcKjic /unnr^ fig. I9fi, toonist* of two fboiwls, 
ono Iitfiido of the oLiier, icurlni; v, auulL 4pflc« belwceci, In 
wlihb tho tnioTiunponlngnta lendK; thUoponln^U for 
hy ihe poiiitft nf tliff Lwii fiinn^'lK, whii'b ^in? taldervd air 
liiihl to^ftlbvr ou ibo uppiT cd^tf. The imudlo Is partly 
hotlow, nntl ccminanicntcH above wttb tho corcculcd <>avil 
it hoi A 4[Tiiitl ci[i(^ii1iig at £«, Tliti fitiiij«l 1a C\\ti\ fiA 
closing ihe coA^lo at l\ aud tho ll(|uid |jcuolraU« ioto tJi« 
cavity; 111 ht\g ofl tbn finj^cr in hr-^Id c»a the opeEtioff at fr, 
ih^ HqiiEil will tiot nm oat of the Inwripnce, wbll* anj 
d'^h^rfd [iirrtloii may be let off by ooverlti^ and tiDmv«r- 

Th9 widcw*« crxtw, oa Boiuuwhat tbo va-mu pTiaciplc« U 
ivadlly Intelligible from flg IIU 

Tftc magtp can, fl^ 1^8. 199^ hv likcnikc an opnainir la 
tho handle atfi; aflur rvmuvinf; Ibo falae L>ottoni m. wbicb ii 
only Rlipp^d on, it. U hllod ihrougb Rti nportur^ In Tbo tfvu 
buLliiiii n, cIoNc^il by h screw, Tho spout miwt, of f^fln^«, 
boamuall ooe. If the can. adshowu iu plaa la Gg. 1)9, be 
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dJTjdcd by aparUtioD, wccan fill In two ditTcront 1» 
throDg-h th« op«nmg« a a, and dth«r or t>utb bo nlli 

la flow nfforilmB" !ci tin* prpKnim mi the bolw &, A. 

7Vm i^rWrt^'i «rVir, fip, :iOO, Is n Ttwcl of Ifai, l^ta 

bottom of which U m mn Icily perform tnl. Liquids w^ 5 

be held In m lL>Qg mt ibe nvck reinalu* doivd bj ac^r^fc^ 
stuppur. I 

A tnorc practically onAjl application oTihla prfncifr :^ 
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ui^^r^^ ^ nade En the ooo^triK^tlon of ft pipttto. tbo ^fnipl^ct form ot vhlPh 
C1IML.& AiKto of a ^IftM tube, from 4 to & 1iac» vrfdc, dravm oliI to % jioiot At 

^. SOO. 





4. 



on^ tint, ooct al ih* oihtr ho Darrovrcd aj! to bo rea-iilj clowd wUh Ujo 
fot-^fioiwr. Th* tTibff itftolf may be & <»r 6 iactxHi lodic, imrt iho narrow 
»,vt-rfinHy from 1 lo IJ. 

C ^^'^'3 Hiero*A fountain. — TUihmujW constructed moat timply.aa 
11^ fig, ^01 , Ttjc cn<i,( of tho tnbcA oro niAdo somtvhivl ronical, no lU to 
It ra^fe lightly iuto iho c<jrtM- Cousidcrnblo ttiU Sn gliiM blowing will 
bft rvrpilreit to maVe llie foutit^fn In otlh |>1eca, as neeii fa flg. 303. FI^. SOS 

J^. 201. ilj;, 203, 
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t^titivtft ihnpMoounrnrHoniQlln ofBnipro'* Toputalu. The tvoiewcU 
^ &iiJ A LftTe each un ojionEog a b be&entti, cbsf^d vrith corks. ^ it 



lis 



pimciL nrsBHiES'TATios. 



blkil with TTftter bf tht^ opc, and J^ emptied* oflvr tho e:cp<friiLi«ut> tbt^ofrb 
tb« oihfF. In mddliioA to llw two tut)«» (7 Z», ihe tv« t«aivU, for 
gn-ntcr au^urSiy, mny bo i^onniwud by inciiiu of two iimllar colnniiii, 
hating UQ cuuuixLion wiUi the t««ioU. In ttiu funn of tbt Appumtiu 
tlie wnl«r &« nffoiii coItoctM bo ibo boAlu of th« upp«r T«aMl, arid excrU a 

Tbe uiAj^ieal oaik. fig. 30-i. di<pi-ni3N ou llie miia princtplo 

Efero^fl fouDtjdii. Ii h dirid 
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[ato tTo part*, aod thu pvrtUiQXi 
hiu an opening abor** Wlii« b 
ptmnnl iiitij A, Uiroujfb iIh* upf 
iDff a, til bo farced oat through 
c<wk JiJ, by tin* ppciiufo of 
wattr iroliiniu iu the lubif C D', 
iub« <; or tLo cock oxtcoda lo Ibe 
Wttonj 4>r J. Tb« comprcMed ait 
pAiici through th« ofventn^ fn (h« 
pnriillon fh:iiii B Into v4, and, after 
tbo •xperlnicnt, B isay be cmpU^^H 
thraoffh h. ^H 

[lOT] Pumps, -- MwIp!* of 
atictkiri nit4 fuivini; pninpii 1^*^H 
Ixsltor l>i; pnrch&fod rcAdy taadj^| 
Willi Ibo vflindt^n of glAU if i>ox1- 
l)1d A«^ nil oil ran \m nui) wlih 
^luM c>lindcrii on acoouut of dioim' 
Ubing tb«ir t ran h pa re 0^7. tbe plfrCou 
mnfcl tie vrapitnl with thread, aa^ 
f?niMr(]uciitly laakcd in waiter 
fore urie, (0 maki; U fiiircK «ad 
tightty. ir lie vorkiog of 
foreirg-panip britbet-ii viplnmc'tt iti 
coLiiiKtEuJi Hitb tbQlIk'ro>bail.ibo 
ajiplicalioiL of the rormvr k Iho tLr«< 
engine will bo HloiiiniieJ c^allo 
wtll QK wilh 11 s^pvi^ml [UihIfL 

[108] The intermitting 
fountain, — a ejwjiKi utm of ihi» 

jLlijuiraim may be f^ixi^lrncTed by 
D^pliiiii^' b (m cap S ^ tu a ^la^ 
vvHdtil A, 11k- ^^> thr^nf^b 
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pusc« the tdb^ I>, li&rinp a loiaU notch En tbe end ; the ocp hft« aIbo tL« 
lililct uliM n, fr. Hie lop of che adtotkI Ttssf>E £ roms a huln. ftn'l Iiax 
m itn ronttr UiD tAbo <?. wlilrb nito bM vi opitnlntf in lh« botlom of the 
b*aiti; ih* lube D ii at't on tbo tube Q, (dUr *i hod bc^ju lUJtd with 
**t«r through ih< fonaer. Tb« ^niftll opetiiD^ h^ laadlnip Oom tb« bottom 
of tV hjifiiii inui ibp trusnl f, iHw lM9i ffmUtr rnn nff" bto /T thiin U 
*l^"^1aAfgcd bj a und h together, A cork Li titled into an opening m the 
bott.«in of E, X<t let off th* wftier. Aa *ooo te ^ is Mt OTor the tubo <T 
'^^ ^Atvr mnft out of n and /> and irollcctA In th« btudii, bccnuie h db- 
*^<^r^™ le« woitfr Ibttu tbrau l^u upeabtrs; the optfrnug of Ibe tube D 
" tttcrtb; cbfcd, oJr rio loQf(«T poSMs tbroiiifh tbc tube i> into /I, uid ibc 
BoMr of irnter from tbu Utter reuel coueii until mure mter nun out of 
1^<^ buiii^ tth«n ihe uoich at « becotaeit f^, and ibd flov commeacea 
^?>^in frvma A. 

ClOO^ ThO manomctor.— In order to obMrro the preuuro of 
!!»Ae) in ft tute of tnotlon or of re«t, open or closed m&Dometert are 
0*D<3, nhidi are eJso VnoTrn under lh<i nairn? i>f wind i:aa>ce9. 

XJtider opcQ mattomctori, \V'clLer'fl ufetj tube mu-tt be m<;utii>ned, t%. 
•On, It EvrvBA in llie firit place, In erdvujg |?*i«», to guard agoiiiut Ihv 
^rntin^ of the vpuel, Lhn Ibjiild 
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I tn llic tube being drivco npinto 

■ .^SHi^^'^^' ^^ ^^'^ preaanre of 
V ^WPgU- VV'b«i the eTolatloQ 

^^:aaceAaG«»iicldGanbc p^nred 

h ^hfoogb the tabc Themnno- 

'uton irhfoh are lued wtth gft^- 

<nit»t«n and gw i^pM to muu 

■arxa the prfwnro btc ujidtj [>□ 

tw Bamie principle; Odd jjrovided 

"IlH a fc^ale for mewnremont. 

'^f^- i£OT iihovK jioish a prcunrti 

B*^^c where the BC4de b G^ 

^ t-ba aeoeDdiflg tDbi>. The 

™^ ttflcd U cocblnuiU wntcr 

^*^^ rtitb lulplmriL" acid. 

X?<> u;<a«urc Ibe pressure of 
™^ sir In hlitu, a siajple uppa^ 
"'o.s of thi ))lau» h ufied. wbidi 

'" ^bown in A^. :£C» Aboi:l £ tbo real mt, H }} ia a bo3i, of which lUe 
'^^^tt a 11 ia Mt«d ti£bUj tbr9u;;h a corlCt and «tiieb in on openmjt in the 
^'^Wbig •|>pftr»tD&. Id tbe Bbort tnbe 6 a eiout glaai tnbe, from 4 to 5 

'J 
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iDoliw loug. U macrted, and ititklod iato qniirc«r iucboi. Befor« Ibe ti 
wttxet fn ikoiirpd In throngli ti vnTll Ir, stands ai the zerj of ^, Id <*t[ 
tbr prcuDtv In rjot tuiiollf over 4 lochia, but H ninnt rvioala At tfcfl i&tiw 
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f^S?, 209. 





* 



hcif^ht yrhen nlJ the vaWcs ia4 rcgiatvTH arc opctr^ 
Kjr. 210. lloab1« Iwdt tubes, Gg. 309, mftj Alio tic u«*d ; they tui 

^ a double fffbdlr:^. Ifke iho stphon barvmeler. 

Closed TEianomctffrA Arc K^aer&Uj ami oaljfbr bliJ 
pr€«sare, whicti ii iiidioaled bj the comprcttlon of a 
f ortion tif nir fndosed bj inercnpy, ai?<*onlTng to tho lnw 
of AfATiolEr. Fig- 21^1 mprpjicDtH m tuauQin«tcr of ibk 
bind, irbicb may hv uW for 8li>Am-boi]eTfi, ar with a 
*top-co(?lc in conniwliijTi wilb Iho rondcuMLnpr nir-putnp. 
It cuLialitl!) <it iL dmmUiT ^ h t^tittntwiiv^ wilk llic- gvn 
througli the ciind a> and EaclottD^ a Tcr«c1 vilh mtrcory, 
A irtroug gltuiK tabo u irrcvrod down iaio b 6 b j a 
■npliillic i.'iip, Aiid rL-at'litu Ijelow tTjv li>Tol of ll?« mtrcury. 
Tbn tnW U yrn^ualcd to alEaonpbcmk Tb« prtmm 
of tb« ga» forces up Llio mcTcary ibto the tub«, 0ODd«^^_ 
lag tha ftlr befora it. ^H 

The inaTtc^ninl^r U also asi'd 10 tadiciilo the prvsnn 
of li4|i]idHi. ^.<i. in the hjdrctulic pRM. 

[LIU] Doboreinor's lamp.— The iiqoid used 

nm^liclK of ftiilphiirfi^ (u-UI, dHiiInd lo }; luit/'afl of n 
pietra uf jiint, it will Iw bol to use ik coiled dbboa of 
sine p!u1&, on cii^ccuttt of the lftrj;^r «iiTrACi^^ The 
(lanntily of Ifijnld matt bn i;o gr«at afl aoarlj to roi^^ 
tJiL- i-oft^H Hg- 21 1. u-hiTn at It« hlghcH, vo as to bav«^^| 
great a pressure 09 posaibte. Tff j small nachmcs an 
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ftal. ilmrfrfthlp, nnil rtitp mnrt hr takno !i> hnrs l!ie fax t-)iniahtt Iftfgv 

foov^b to Euppij ituflll citianlitlT:} of hjdrogvc- For thia parpi^Ao 

It ^^nil lUewlBn Iw conv*ni-jat if the di*- 

cli^i]|ffr ]ilp« h fio flt'^d Q« 10 A^Dlit f^. 311' 

of HCTViHni^ Tn wiotlicr Tubtr, Ui wliich 

irIa:ft.Hs Xahtu leading inU 1h« [TQOuu&tlc 

irc»«j|^h iDbj be aUaohfd bj laeaw of 

IThccoek will fil miirh betUr Lf iht tap 
^ l7orc4 loDifiiotiiqallx for the puea^e of 
i^« gM, B8 la ttg. 313. 

Altbongfa tbo oock ri«A?Kb«l 1e molt 
^'^i^Tcrlont, there Hra olltcr forin& ciup)o|ed 
"Uith ii b hardt}" uewMflrr to metil4«i 
bpr«>, Xho points to be ail«nd4tl Ij> in the 
Pawhnm of flciy kind mm whrthcr it lib 
^l04i«lj vritbflul hrlitg too light ^u>i 

'^utj Torvftni, thtt Up «ihIL)ltJi ntiV ifac«*it 

'^^ rrirciniu An«r u rvf^'iit. HIKui^, or vrhen tb>f n|t]raiiittis lisi net bF^ftM 

'•1 t»» far 4 louff tiuiu, iwi cxploaiv* miiiarv cf tb'j hrdrojiun with atr will 

■*** ronaii to oxUl, and on iWi^ iic<?i'iuil ctiro mual l>o TJtLi;irk not 

*0 Iffnit^ It without hivitig pMTifnnly \px ont all Ibfl gu (wiLli ^/ SIS 

^ pfvoe of piiiicr intprpoipil agaimi Ihc ptaiiiLnm ipoiigp) and 

T^^tiiijc a frtsb '^pplj. Aft'jr lonjr xlAiiding thu pUtiiia 

'Puvi^ miut l]« bcnEodrcdbot in the cnrruut of gai, prtriousl^ 

'^tlamod. bflfbre lu pTO|ieTUe< wfll b« r«>iU)r«d^ 

MThiltflucb ftn •tnuifciDfititwIII bofoUTidcunr^uIeiit for ^cuull quantttiw 
^* gu, loTfrcr fnwonoUre vtil] be rgriuirod for otbi^r piirpoHcvi', tlioy may 
^ parchft4ed r^ndj miule, tad art? ^uiilj CO bit true k*d^ Similar arrange- 
"^tiU may Ins OMd for *>l1ier jciuii^. Suoli a.n apparatua luuir bi» umde ut 
^^loexpouM ucGordiDf; lo Varrcntrap|i, tu the ttiannor vho^rn In fi)r^ :^J3 
**ul Sll, For Ibo exUrior vewel u taudy jar wiib » tin t-ovur mu\ bo 
*''*\*n, Thft nfiTffT hwt tiro holr^ on nm^h Htdn, ibrow^h which a \\\n 
;^** atvLck to hci]d tbo cover fast to tha rica of the slauL There Im n xbort 
^v1« Ld tbo oeat^r of tba oovor iiit'> wh\oh ihL< nook of the ianor reaeel U 
'iial IvT A cork- Thin tphh!| jf Tundo of 11 l>ott[e wllh the bottom cm off, 
^Vhc gM tabo a b fitted into l\x<s unck of the bottle by a good uark; 
^lloads Into the vonol A, which ia fthown on a U^ct n-nh in fi>r 314. 
*^b* t«b# a pMua tbrough the cork ncnrly lo the lh»ltom of Ihcf largvr 
"^oba B\ a nvund tuba fr projfvUi a littJr way below tlie <,<ork to uonduet 
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of tiiQ gOJt. Tho tube B vtambi b a UttJo co&ical rI*"! the bott< 
ofvblch laDEldd wich nitToury. so nn to doM tbo Uba « when Uie gh 
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Ataods on tba Lo|> df ihc rcscrv<iir, an in Hg;. ^13- Under A Ihrrc Is & 
iFiol« In i}it oov«r. wbioh ic cloved with n Ktip cf tin ; bj laking nway t 
\io, lh« ^Ima ^ sIaIu fnio the covi^r- fmr euoagli lo iinoOTer ibo 
ijf tho XM tube a, but not tbe labo fi. It i» closed bj mUioic iho JtAfe 
A soil ditppiug tha tin aodvr it nffoiji, 

[1 1 1] TbO air-ballOOlL-'Sinall htllooDa of gold- 
boater's bkln mny W(]|jkI]moi1 ntt^y mmU, «.i>d ^lAVtr 
vtrrywelL To fit thc^c ap A«matl quit) ii mnortc^ 4Dd 
t»«d troQtid with ikn^ thread. sn<I «■ ccrb QiiikI l<> tJio 
ApeHLinf The hjdroipHi ifiu fx L<4)1tm:lnil In n gtau 
ivciaiTvr, vitbaslop-cocJ&atthntop, fiff» 316, aqcb wh 
Qfl9d for t^tJin^ hlndiJ^ls, «T«, Upon iho £iop-«««k U 
flttMl a ti>rk vritli u qnill icMrleil, niic] ronu^ dll ovfr 
rith acATiu^Mmi. After coheiitln]; the ncimiurjr 
qnftntitj of hytirojicn, and tilLowinff It t> c«ol auffl*- 
L,X d«titt;. all thv air IK prptiud out of lU« biiUoon, vhlch M 
then Ml OT«r tbt* quill cif lli« i:ack, md Ui« r«celr?tf 
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doffwd lit* 111* water *>f the pTJcumallc Iroovrh, IliOft rorclntr Uic bC*v< 
into the balloon, Thw. irb«a filled, ii oloiscd with Xho tUtppap. SKuuTd 
tlie Mlooa bftTo become t«i^ U nait 1>« I'fown np. »ad lUn >Ll]ow«>d la 
dry. It is not iidfif4i1jlR to hIUiw iIjr hyir^^gt'ii Ui pofti ilinnrtlj' rrocn tlic 
pcii«T4itor lalo the btUoon, ah, uvrin^ to tho bi^hfir t^mpernturT?, Ibere 
wj]| he A portion of walorj riipop pawiujt f>rpr, rt'! lt> qvf^Ak of th« vapor 
cif mlphnrU: mrkl- Ni^VfrrLlinlnM, t\u: Dilbrrf inur iip|iumtiTH, in<ii»tH>n(rci iti 
tlM preceding pnngmpb, idaj ha mv^. whvn Urgt fluoaj^h^ 

Balloons undo ofoollodton aro Eiifhior Ml Si^uch biiElocnu may ho 
ntodo bjflhokiag ap coUodioa in a Sack licHini; rw»m 6 1o 1^ ouuo^^i. 
vriUi A ihort nuck of iha uiilth oroue^s fiuf^r. utiLil lIiv sJdtfH ure molaleiir^d 
^Uh U In «r«rT \iQri. adJ than pourioi: oal tbo «xc^««. Af cr drfinif, the 
<0Jni of Gollodici; it loc4cn«i can^rnlly from tho ni»k of the Uuk tad tiei 
tfuoufti] ft HmnB tnbe Tli« &ir wEthm U llieci I'nrefiilly fxlianni^il Uy 
9iKt|i», the fllei that iiwluftll)' ijotovbfd from tbo glwi v\A drAVO out. 

To Mad op c Moiitjfoltiur bnlloooH it vill bo nontnar; to m^pond it 
friMt ft tbroftd «trTl«(t 9ver two ^)iiU»yf In ib« cellSitg oni^ con ni«T poised 
^J a wfflffbl- On biratini^ tUf nir wlrhln hj n Hpliit-lninp^ tlit: IihIIuoii 
nnj bo modo to rii«: or n piocc of iponf^, aookcd ic nlcohol, outl 
fl^c^ ii-iLto the hoop cf tho 0|H'Dliig. Tonj l>o Bet on lire- WiibunI th^ 
^^uni^cpoln rpfhrrwl t». the-, vilnmo nf thp bnllnon mqnlrrH) will lii* krgrr 
*^*tt in contrnivnt fur a Iccrtur? rotmi. 

[113] DlttUslOQ of gaSOB.— Tbia oxporlmcut Eb ueunllj performod 

*UK coritonbr ncid ^na, panr^d ont of n vatnitl Into ft Iflrgnr one Atted 

^tti fttr A wirt- 11 lieiiL inu> n linnk, nml iiri L]ia honk Ep pl^-'cd u piwo 

**' vrfttH:andlo. If iho rjrn^toil L-acidIo be I<?l down into tbo IrirK^^r vc^*<l 

'*■ wjil bo oxtiiLf^ii^hnl, bill on reptaiinff tho *ii><*Tinn>nt won ftfter 

'^M cnHionlc add vfll lie fonnd, nnd tliu ll^ht will uUErnatolf born ftMy, 

^^ potirtnjT out tbc coj'lmnin ^U\. {which nUo flbonn itn KTcntor upceiHc 

ETftritf,) Uie tv'o crliudr-r^ niiitt bo inolincd to oaob other, urid th^ 

^luplfln^ pprfhrniNl nlowlj- olJiernlae th^ oArhonti* npld will li^rinnr 

*^ nixed with atoioipboru! nir Uiat thn lij^ht will not Ic nxtin^ainhvd. 

The ei|)«riDa«T:t n&j be turicd, b_TtAk.inj;tvoTca?vb vtUhoquDl raoiithl, 
QUta^ ODO irilb 0x3^^ and tbo othar wUh brdrDgBn, la^^i^rtEritr tbo 
lljilmpui mat\ ortc ttJO olUer. a,i]d i!<jniicf1.iik|; tbu innutlij^ i>r bvtb b;' u 
%trip<»f litdlft'Tohbor In a short lime both will oOTslBiu exploMro \caJ^. 
%Ueh majbc «hovn by igniting a Amdl portron of IL Tho appATBta* 
fl^, fili I1 mUII mure ooTiveEiEvnt Tjr Ibii prtrpote 

[113] Atknorptlon of gasOK.— 1. ^VLfn puwderod ffolck-limo and 
ul AnunonkiC »ro mixod togothc^r and healed in u imnll retort or«r 
« Fpirlt'lnmp, ominonia will be lEberEied. flad may be colleoted over 
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mtrcLirj fa n rfltm tube aWnt % fiafor^ brtftdth h didcootorj ood cl 

ml ono tad. Tbc morenrj m%j b« kept in a low tumbler, 3 or S ponodi 

Iviii^ iTiniflurit. tf DOW i1t(] 1iil)«, vliou flIJed with gui and 

f^g^ 316. tbc moulh i^loaed by the CuKor. be ancovcrrd Qnd«< vmicr, 

thii will rapid!}' absorb tbn amnioniikj and nuili up uto the 

lube. 

% CtLfhouic livid !« geuuraivd from cLalk aud sulphuri^^ 
ndd, nnd colkcUd in a tabo 04 in the lost tiperimcnt. ^H 
bit of reoontlj'hoatod cbarooul ii iDtrodu^^ed under th^^ 
mercurj Into the tube i^f rarlimiln nM ^ax, when \i tt-ill 
iiitAorb a ffftAt portion of tho latter. Aflor ibi; expcriuicoi 
it vrili be well t^ pound u[3 tho eoH to recover anj tn9mu^^ 
jQ whfeb maf liA7o been AbsArbt'd. The (^rinjbe Uberittf^H 

rWin: the coiJ iij^n-in hj pint-lug llii: App&rAtaa nndcr tbe 
Kcfiiver of An au-'puuip, and e^htvu^linx thcnir- 

[111] Breath images.— To produce the bnAth 
Emftgflft of Muwr Hi'vprd TUpLhudii may be euiplo/etl, taum 
of vhkh Afc AH fi>]low»; — 

L Oat ntiy dcAirod itnai^o ant <if card papc^r^ Ipj it upon 
a gtu*f piftte, oijd lirealhe upon tt. After iho deposit or 
CEioIature lidii uvuiHjruted. rcmoTo tho plate and brcatlio 
upon the plat<i nn^n; the part fcrmerly coTtred bj the 
Sgun vriU eoadenao the DiuLriture in n dllereat idbDucr from the rett, a&d 
the figure ngaln become risible The eiperloeitt mnj Iw ofUn repealed, 
n.nd at connidcmble interralv; mXh equally iviiliifiictorr rcAu1t«. 

^. On a glasn piato veil ruljbed uLT witU rreehlj L«ated Tripoli, or apon 
n ^]utf dffanvd rcndy for a diLirai^TTvol^pir Immj^, plaoe a omI of mntal or 
Klono wbkh hjm nut bi-un rcvouUy cluanvd ulT, nlluwing It lo rtXDaic fo^H 
flomc iK^urs, The ptato, ou bvln^ moUlODod, wUl !»how tbo iuia^e ef ll^l 
atamp- Or, Invarftc^ly, tlie Atainp nr Erral may be cleaned, inetead of the 
plntf- RiTU williout fciub irknulng, iniagni may lDlIll^ti^llu be obubril, 
allbougb a louger exposure is reqairtd. I>Iffei«uco of temperatuit b 
thij bodic« rocibtatcfl thv formiiiion of tho iinft[rc«. lontend of bnftthlog 
on the r:iL*ul pliiU\ It may hv vipotod In thr dagucrrc(jtjrpe nerenrial 
lipimruliui tv tho tupi>r <jf mvivury, Ijy which tiieitJiB tht* Im^pia wiJJ remaJu 
penuanent. They "iN nlso bflcomc tuibk by t^xp^aure to the Taper of 
Iodine, or, at leuii, lh»y apponr when tbe lodisod plate U brought ont to 
the llj^ht. C.olu* %r* Xi^<t mlnpiGiI to fhin c^Tpcrtniait than at^h or geva, 
espociuUj ttbeu Ihi: latter hare a abaple drawing cf vrri^ng on a 
tnrfhco. 
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(a.) EXP£BI]1£HT3 ON VARIOUS KINDS OF MOTION. 

J^IK] FrOO ff^ll- — Tho law* of tho free fall of bodios ora ftbown by 
of Atw90d'» mMfciQC, tliv geui^ral airan^fm^at cl vrhieh. ii 
in Jig. $1T> In pun-lia^In^ tliU iaur;blne; «tt4f»clon f<1ifinTd tw paM 
^ haTiDifftioconds pcudolnni, wbicb tliftll 
''Alo&AQ the blliog vciffht. Tbia rclwrw 
Gttu, indeed, b« ^ffe^ivd bj b&ud, vlth the 
*lBft of toy otber ptLdDhm, and llio ra- 
tuiftlto «kni tntij tooa b« fttl^incd by 
l^mcticc ^<ic tb^ ^ IcA afif«m from you 
^ f «Ar, and bfrfore eacb tew i>t^erimcDt 
■^Cfth pruf-lice Ih uin-'Cwjiiy, Tb« vvlmel 
^i*t moTo Tery ciwlly, uud. t> •wturi: thi^ 
nttiit nm on ttcd poiuU; thn poinfs 
f tie ftiit and ibc bi;iiric|fi mcut bu wiped 
l*»u ftftar ttiB, Itt pr«vvut ibuir Irtirmiiiag 
%xiiiiay, aad R'uh (»1 mnbl bo Applied 
^*ch tbno bfrforo osinj^ it Friceloa 
^%iifek iDrrc&M Ibn co»t of tlie apparntan 
^^ ctiuHidtrniblj', aud. if tliu ttt>t\ Im 
^ttervffto 2ood, c^ro miooccfdAry. Wbou 
%be vliod u ft «oUd drhk af miifoi-m thick- 
%)BB, lukir Ha woigtiL muxt b« nrUlcd lo thci 
«tfcertvo tf«L^lita uflb* nuLcUiiie, in nrdirr 
roleulatc ihc occolcnktinjc wcE^ht whScb 
ml be >ddcd; no ralo caa b4 git«ii for 
upen wbrali; wli[ch aro lif^htur, but lh« 
Irmfjnic yrtlftH musL be detenumcd 
«xpi;rim«nt. It u »wU<^r. tborefunj, lo 
cfaooie ft iolid whoel. To pliteo tho jcaI^ , the divUloDA of wfiioU shoald 
about aD Elioh iu IvugUi, ptir|Kiidima!aTly, tjiv arreiting Hng U flxed lo 1 
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boitom of tha sc^kt, Find Die fftiling veight uaod M a f»1dmmol; tb« 
lutjaKtiiig Hcrr^M'H iitfe thrn Krt kh Utat thn wtlf^ht 1411111 hui^ nrer Uk« 
center of th« riug. Bofcre proc«»;diDjf Ic ibe at'Lual fiperimeHtH the 
friction miut bo componentod ; thU is offoclod by ih« dieks of tin pl«t«, 
fTg. S18, whleli bra laid apon the fnlliaq wetghl, until a %\lghl Impnlio 
ivilh till? Iiittc4.-r wt!l vtman il Li> Lraverxu uujfvnnlj tlie wliut? 
Icfij^th of tho x'Ah, mthont, boncicr, bcmff ab\a of itself lo 
ov«rcom« the biflioa 

The weight wliSch Ih to chuav ih« lUll Is [ilo^ed op[iOAit« 
of tbc Hcal« tin<i the ring vhich urestii ft ftt 4, 9. 1C, «tc. Th^ 
ttii;r< u ploovd at 4 diiitaueej LJorrepfouJin^ lo tht' rtvlwily of Ibv woigtit» 
at the pdnt vh^irfl th« luHvlpirnrlTi^ wdf^ht 1r rnmoml ; Thai U, whAn thli 
vdjcht tn nrroiiUd at i — in 2 tecondi — the number of diniii^nN Kt which 
tho itof^ i» fitted belaw Iho ri&^ 1a ex^rt^itd ^f i, 3 X 4, U X 4; 
when the ring U nt U bf IJ, S X <, 3 X 6, ^ifi-, according an tha w«]ghL i£ 
to ran 1, &, nr ^ Mvtfjndft. The ulngc inii:<t bi* plafRd sa that lh« lap of 
the dcuccndtng vroight tritl bo oppoHttc tho requLrod division when it it 
nrreaied. liQcntiM tho hftrliromo^d whou this upper fturfnco of the w^gtat 
pUMfl th« l«T«1 or lb<f rloff. For thin rnatan, thn k-uf^b at the i?«ight i« 
AliTKyK mmU la CdtrmpDud lo 1 ur 3 diiiniuiu oTlhcr ?a!iL]ii. Vi'huii tJi« 
experiment le bognu &l tho flr»t UMsfou, wUli L Mccmd faU, the rwolts 
ftro not ncoaratc, bocauso the mdoonoo of iht dijtlurbiog cni»M i« felt too 
wniibly. 

Wfavn tfie rin^' aud alag^ arc properly A^So^tcd, nui the loud placed M 
t«n>t tho wolghtfl maflt bi; brought to mt pcrfcctlj, bc>rorc Parting the 
pondnlnm, othcrwUe thu cjpL^rJmviLt will cot uncci^ avcII, EvtMrythlng 
else dt^jWoiJA ou ihp pi^ciuI cuuntrutiiivn of the machino^ It bdoalniblo 
to boTo tbo top of the pilior brood «noti^h to npport o gloss boll onr 
lh« rollers or oUu lo have tbo wbole ruuulng g«or moTabJe, fo ih^t It 
can be pa^-totl *woy In a l)ox. 

The btwfr of rolling bodies nui alio be demonstrated bj xacnn:) of b«ib 
rnnnbff down n long incUnrd bo&ui, u waa dooe by Unltico. Tbo bona 
mu&i lj« |>ertbctly nmtght, and mado of nrvorol pieces glnod togflibcr, 
Tlui gronvi^ U foroK^^ Viy two liHlgei n^ilfd to tba udu^ It raoul bo 
divided into half Ut\. and hAT« 0ai;h on iuclinAiLon that iho btdl wiU 
dosofiud half o foot the first aoeond. Tho beam moit be frcm tf to !• 
feet kJDg. 

Clicj Motion of pro]MtUefl^-Th» P»rOiboUc notion of pr^jeo- 
ti1«« cm bu ai^ai r<radity flhown by moona of tbo opporMoj roproflontod In 
tig. S19, in which o btll rolUiig down the groore a 6 <bcqu[rc» locb i 
f oloclty u tu devcnbo th« (MLmbola h 1, 4, ff. The sroote a b furan pan 



rnrmciL expertuketatio??. 
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of ft cffdo, B&d \s canUiHy cmootbcd oat vtth ^amic«. Ciirc matt bo 
Uttta tbnt Uur bcri^DtitftJ liot c d, oxtcadinff Iram the *ad of th« groore 

Fi7 »>»■ 




** ^ alOBg xhtj boArd 6 1^, bo acluall/ lADjc^^nt to Lho oarve of tltc groove 
■A* the thc*>rplicnl ttlocitT of pff>jcrtion ran noror b<j utt&iaod, it will bo 
'***t, beCor* ileftt'ribing ihi* jjurabolo, to ivi the bull roll down ihe gronve 
**d ibtw dvlsrmine tL* rnndoiii by «iiicrlnicut. jmil uft^irward* to dm* 
'™* cctffwpondinif pnrn^ola n I, 4, ?. Tbo bo*o conlaias a mvitj vi n 
^^«d vHlIi Aand. to arr«»t Ihia iDutiou or t}iO bitll, B«f<Jro «A|K<rlmoatlDg, 
^C Bj>^nmtiiB mnuL lid pliurf] In n TATllral pnLltloii hj En^Anfl of IrrtilmK 
'^^^TQirft. TIac boud b r utioald be mode of light-colored wood, po tlmt 
^fcc vetl-di^tiDGii Lino of ourvo „, 

*»m7 h» BC-ea iii a dUtniifK- ^' " 

-4n7 irijod luaj be used if it 
^ l^latvd nhttc or covered 
~^hth pttpcr. 

[in] Rotary moUoD. 

^— TikO UwB of coniral motic^Q 
aro weU UluOAtfCt b/ 11)o 
appusoM til tff. S-JC^ Tn Ju 
V4#0niial fflaUir«» tt oonHi&ta 
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WrTStClI. EXPEBIMBHTATIOT. 



of a l*n?? vlicrl A A, ccinnect«iJ by sn i>Drl1e» rurd with a annitfer wliml 
J7, on tho Axia of vbich rarioun oppi^ailAjirca m«,j be ccrewed, Mtd ikat 
i«t in raiiid rotation. Thu latter bua oni? pitrot od the bue board, And 
lb* othpT In the <*roM-pfeif ^ r '■; IhU EieTQii ortlh© lop. tOftllow ncironftr 
board to br n^rcvcd upoQ \i, for ih^ ^wrforniK^iCfr t)f n corl«iii e]«rlnc&] «ji< 
porimi^iiU The ajd« of if, vitb its acrcv^ muAt project aboro Uta boa/ri, 

r«pr«MnUd Id tbo A^ire by & doited Jiae. Id oouatrufiing tbo aiHiar^urt 

Mn mnnt ba taki^n in havr |)i^ twn vlif4?l:q tn a clmplo prriporttun In f^art^^Q 
otb«T, »o tbal tie numb» of rnvolmioniL wtilcb tbe KJtiftlkr mjikci iil ?^m 
giTen lime m^y bo «ftgity diMluoeti from t|ic»« of Uio In^^r. For uuLfoir^^^ 
motion, tbo lnrgi<r v\n»a] should bftvo conAJiil«rab1d wolgbt, co an 10 lulix^k^ it 
<»f ttlQ i^>|iiirEittiii bciiiff UAcc] fur ultiot i:\|}Fri:iic:[tLi timii lIk^no iicjv rvfcrE^^Er^ 
to. Cffw 00 aouutl. TbU can bo cflV:ctud bj Acrt^viiijj^ a co^t'lro:! rin^ ~^ 
Iho tiftd«r RitlD of tbc vhool. Tho fing can b» CMt ftt any foundry, fri^rv^h^ i 
piUIeirD cut out uf j itiL-b board, imd ibe fovr hak<« pectiwry fcr ^Kti 
MLscJiiueia by tcr«ws uro «ajil/ drllkd ouL To kcop Lbo cot^ at ^^^j 
ro()nircd doxroo of tonsioa, tbo a&i« of tho iJrlvLD^-wlifioI mnr be made* t« 
more fttoTig tb« bas« board c c, tg^ £21, and socurcd by a cluap a. -m^™^ Tib 

iYjI. 221. 




Axifl mn^th^arest finuly upon tbooroFfl-piocemtii, vitliaeqiiurc aboal^^^^ 
pafiting tbroitgh m m imd te ir iukI t'ljiJing in a tuxvvi w[ih a tiLit ib^V*^ 
vaahcr* wbicb prcut? butb ('iroAH>pic:;eFi GrEuly a^ntnBt tbo base board. 

Inaioad of thla modo of fa^tttnin^ tbo [Irivinf^-whool, tbo diding piM0 -''' 
figi, 222 and 223, may bo iniicried Into the bajte board, carrying the fist^ 

J^^. 3S9, 




t)""^ 



v-i>o 



uls of llto vhool, and adja«tablo to ttio proper tonsion of tile coM uy * 



pnraiG^u bxperuibktatioh. 
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ICT^ir- In iliiB Ct'ura, ibe dnTiiig^whftel U of Iron, TUh iiulli'j-whrtd 




J); ibb ftrnoK^ment U« honcicr. Dot Balttthlc far lh« Attacbmc»t t>f th« 
C lis] EzporimontB with tho prhirling machine.— ^crow 

on to Hxt |KtI]ej Hie uppumiuK hlowii in 11^, 224, ^^ ific uulum! hittf. It 




I 
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**^t \m mur* Ui^n an Inrh ihlrk. If thn Mdv.ni^wliii'i In }itn,vj cnongJi 

"^^^O ui^ngliUo r ind i^d itro mortiwid into tbe etidv. A (Kil'iAhcd sbei 

^0(1 «/ i^ooa LhroQfrti iboAO upri;rbtA, aod £a fjutoiied by a boad at odo 

**^, and a ecrow and nut at ihi> othofr U ihoakl b« 1 lo 1 ^ Mnea ihit^k. 

*"b<i iFDudm) ur itorj l>iill i/ JilidiTi onujlj on thin tviil bj o bnliT Uinmgb 

^^ center. Four bra^ roOa ^ h are fixo'l exactly la & aiiuara at tqtia] 

^^■lancM from tiao cont«r of relation, pcd cona«ctcd hj croa* rod< with 

*ctt«i i^ftaaing iwer lb« vrlru ^ _/! Two of iht^m aervi* us HLi]i|jorl4 for lb« 

iMiIlcf ), to aiUufftcd ^a^ ihc axi« of uotlou frboU be tau^Tit lo iu circuia* 

''^DCCL A BiUEen cord puling over tbU pulley oonncet* tho ball y ^th 

Mt» 1ittl« bran plntform Hfioivn in Hg. 925. lu dUli J' ^- U Ju^it largft 

«iwiiab lo moTo n|» niitl Jowri fri'nt/ liolwwn Um 

frodi A A «rithout cvcnpinj; frpm them, A trntabcr 

itf dlttka, )iko fi|^, !fa';, calei itko i)o tald ou tht* pluc- 

fbna. luul tfirlr wnTgbt U kii iirninKi^il Ihnt hnlf of 

tbe weigbt cf tlie [»liitrorm cui be afisumod an 
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nrAiy. The cord has tUrv« Ioojm hj ichtcb th« bull 7 caa bo plaoed at 
djaUtc«B from thn c«nior> which arc to «nch othor 1:^:3- 

Wc mny now nhow In a genfimJ wny, ihnt with the «ind piitltioQ or 
ifae boll, Uio gn^utcr the wcif^bl to be nxlrxd thv ^ririklvr tniut bo Uic 
valoclty of rolatJon, &i]d tlmt wbon tho bttll is ipor^ from tho riisUncc 
I to 3, Bitd ibo cpccd cf tho vhcc] roduc«d 10 on^-tlurd, to thai tho bill 
Luovi-H ill ibi DflMl. witb the Miiiio teludt/ ua u(^ ilt <liiL«4ic« 1> Jm wdgfal 
will not be nU«d vKboui ftccuUralliiu the roUtlon. Bjr Bit&ns of a p«Q- 
dulamr th« naniWr or rovcrlutfoiiK of tho drirmi;- wheel m a ^roa tkne 
(DB7 be a.si^rtAi(im), and IVoni rbo ratio or iHi« wheel 10 tlie |>n1lej the 
naiabcr <if rcvoltjLions cf the bnll «tc koown. CoiniPiillnir frctu this t^ 
poTiodA oorrcApoiiUiu^ to Ihu radii 1, 3, S, it maj bo ahowa bj ctUcnbtiOB 
tb>t Id any two sacceeslve expftrimatits the ceotTirti^fil foroM d*ifnc«d 
frrrm tbi^ rmlli mill rbr< prrimli of rcToliition nr? propurtlounl to tbt 
wi^igbta raisod. In thU experiment, ibfl reWity must be rcrj srndmlly 
toonasod and mnlatalaud uniformly, which is moeh eft»ier vhth & vtry 
hn.'Vf dridng-whnnl- With a little priu'tice, Ibo wi*ifibi moy bo h^M 
mpended rtta liltlo lieisbt, aiiU iUn ptrM of rtvulutiou then estuajiied 
with a pcndolum. Tho oxtct mouiont of rniMn^f Ibo wo^bt la «Act!y 
afaaerrodj by p«tlnf( a dink cf white paper, exnctiy the nunc eiio u tbd 
w«l|{UlJf, uu Uit4 bonid (llrvi'llj btuviiUi Ibuiu, so oa uol to be visible ontlJ - 
tboy »TC riUcd, ] 

(9J Tho [irrangcraeat fig^ 23T ia desigotsd to show thai, witb v^di^^^J 

Fig. •^21. 




of rovolntioD, the ceutrifejiral foreo ifl propottionAl Co the mifX^' 
on woll &« to the rnditiH. Tho weiffhtii of tbt Iwo ivory balb a fr ajo »" 
lht4 propurtiun of 2 : t, umJ Lutb ^1lde e&atly ou thi* niiv m m, wts b^ 
miut not be over a line la tklckneftA nod very vmiforrD' Tbo ball* '^^^ 
ooDiiectod by a dlk i?0Pdr and uro pluocd for tho expciiment at dUlac*^^ 
from Ih^ ctnivr JiiT«nH-ry propuftluiiKl to tbLnr w^Iji;!!'. If IhfH bccjo^^^^ 
Utaluod. Ibo bolls will rcUiD tlieir poiiliott at ovcrr TclocEiy. 




(8) The laHaciicc of tnftin may bo *hown by tho Lipporattia fig;. *^^' 
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•l,cd tfo tvro kUm Inbcs abont tb« tblcknCH of « GoiEcr, »cdI«(1 ul out 
fiMt Tfacj &n j[ tilkd triili raorcurir. f with tntUr. and ■) 1el\ tiopty, 
iud Uit ettil iJglitly clritied m'lh a p^txl (.'oriL The U[i[T(Tr fndA «rv let a 
UUla vajrinto lh« uprljrbu rii^t.ond iLo lower coda held fo&x bjihc ttnd' 
ctEJadrfcpJ block ^ nbioh bi uxciiTOtfd to rocoivo the corked smltt unU 
BCrttTMl doirn to iTie ba^te hi>rird. ^Vhon the itp^ArAtiia U b«I In TApU] 
rotfttioA. the cotiUuU v'f tbu tiilm uMLiniu an inverted |io«iUon, th« 
noraury uppcuriD^' ohoxv niid the ftir bclon- ai 6 and o, Tbc rapid incToato 
tf iha c^nlrlfu^l Toroe n-lth the i-eludty ^r rolflUou amy b» exbiblied 
rery >feU Uj Elln^tln;^ n inmM^r niln<l wUh nnT^r, bj thrpio ri>rd«, oa U'(?n 
io fiiT' 33E>, mad Thirtiuj; it rapidly rgiind the Una^l 

Tb« mue «xpwim4i;t cou bo dhowu luoTO nMtly viUi llie *ppftnitu« 
ff. S2D, ro(iHl«tin|C of a fiiohnUr glsna Tew«l cetD«nl«d to a wocdcrD f^int, 
ly wbJch it coa ba Hi;ri!n^d to the nlifrlin^f mnchlinv Motvury utid 
ooloixd wat«r sr« poorvd iuto the revel in ^^uontiti^ii not quiic euffident 



flTff "^li^ 





"^J?" 



8|| Ute bn(g;w! ponlon aticl (pnT* a ^Hmlri*?*] npiu^u. n* wrilc m the 
"^^ih, empty. Whi-ii a tapiil roliiry luoliou h tOTuniLJuicaii.'d lo llie 
»%. (1m vetcufy aod vrtlcr nifl form rluir^ nround the bnl^^d nide*. 

(4) Tho app^iirlflfffl tig. 2'!*l *orvi>ii to illoBtrnttf ihu lUtifUtnt' of ibo 
*'th by the irt^ulrifiiind fflrve. It is trasny ritade a^ rollonx: n ft U u 
^'^rf block of b»rd woodf which c»a be norcwcd lo tho ft.xin of the 
'''■Hllaj: ittftcbinc^ & ^ U a fltoitder Kqnaru rcnl, b^niiiTwhai thii'ker at o^ 
*^I»B in ■ goo'J wrcif ; m wi m. 1( a thin hrone )ioop, pler?ed wfih f^iiAfr 
^toa at four op|io»ilv pot»U. TIji^ hoo^ i:i fixed on the rod afi shown io 



149 



ritTStCAL KXTERItfEHTATIOX. 



the S^arc, aud tbc lower ead ftcrevct! down fiwt Wbcc ropidlr toftiedt 
the hoop de^crfhes n fphflrolri. Two hoops fflsiened oa ih* rods al rigti^. 
UglcJi (o vach ollipr vhow the fonn of ibn njihtirnid morv d^virlncUj, 
Tbo cDcct of rotoiy motion mny ba iUoAlratcd rorjr vrcll bj acmui 



K/ JG3. 




ftsr 833. 
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the cemrlfngal nXlvay, which ctQ be ^ 
cbwed in tho loy sho|fS, or nciulc in ■ "V^^T 
simpio way. liy fiistcoitifir a zMtv oT tj»» '^ 
» board, OB ibown in fi^. m^i^ Tho dl ^ ■^- 
elcr of the rItigslioiiM iiol *?»ce<*d ,'g oF •^^^ 
hoifcht of Iho foil. A smooth Lultci lo^ 
in th< top of this tronj^h will ran tbroO^ 
(u whole loQgib. 

nrrnnirt^nicfit u initrvctivo oa accouni of '^ 
iiK« iu tliv Btoun^en^DO. An upright f"^*' 
6 N fl^ed Irkto iha rap «, Hr. 235, wfai'^^^ 
screws on the axin of the nmchiiie- T'" 
two pcndnlumfl p p work on hinges tt *^-*^" 
lop *'»f ihU rod, hill cnn only move In o'" 
■Hts of the nit m ji, shonii in «ction in tf^' 
2a4. The mom mpidljr ifae ntchiittf ^ 
tATIWl, tbo more rapidly Ihe b&Ik difcrg^' 






niVeiCAt BXrKRlUE!«TATEON. 



U3 



I 



[119J TII6 gyrOSCOpO. — TbiJi Bpp&mlQ^ eoafiiflN of thonTT niffUilltc 
rlft£. ruvoUlD^ on uu axis whk'h ii buitg In gimbiLv, Mkfi ib« nuLrlnur'ft 

cauipsA«» so as tij I)« (ne to MBuiae any 
^y- -^*- po»i11o[L It h atfio ooiktriTQil bo llmt 

^ q ■'> the [ircilon;cAtloa of tho axi^ may bo 

aupjiurU-J at uue diiiI uu a uteul pivciL 
ll« Ihf otbier ffti] moicti frctljr aroaml U- WIiaq »vt in rapid rotatloa, 
find ODO «ti4 of Uio ftxia Ihne euppomd, tho nan iv^iU roToLria around iho 
inj|>port In iho ilin-ction in nrhlch tbo pariiHn ai ihc boUura are mtivinj. 
The tti-imlii (if itA ucinali^K'Lum \iuy v> miurU that u'j |^i;uvm] <lirufliuua 
for lu ttaoagfm^at cau bu ^vcu. This ai>parfttas illaelratcfl vcr^ WaU' 
^nflrtho tfffct or tho oooinfagal forca of nnch farticto la rmitjcf^ unj 
cJiaiige of the pluiQ of mtaitcn. A Hear caraprnbtfnxioii of ihln prlnvtpla 
^s necvwATj la order to utidera land the cauM ofllic chaiiat ofKiMonn.* 

[130J FoilCault*B OZpOrimont.^Tho princtple itt thw vjcpCTi' 
■u^tit, which prov^i lh« ^rihla rot&Moo on tu aib Grom ihs apparent 
'^taliua of lliu plauu of oscllhil^on <if a iJCiidiiltim, maj l*o H^nrl/ 
tUvaairatcil bj Mmnnj; tlo appnratat fif;, 236 oa tbo vrlklTllas machiuc, 
'"^t-tinj5 th« p<;uJutunQ in nci- 



^^on, and turoiiigthe maol'iJue 
▼tn-j alovly. As tlio ball Lb 

*utptndeJ bj a rcty fine 

Ur«fld, Ih4> apparatus uiu^ tw 

^ttmwd a numlicr of time* Iw- 

tuc the tcniao of tb( thread 

«biog«fl the plane of oKilla- 

Mon. ItH »p|]11rnt1(>n Ici the 

rototiua lit tbe uartb may \ni 

«hoirn bf Mltln^ tbo litll^ 

iFth on the mcriflma oF a 

^riobe,fig, SSfi^widAhuwEng ils 

^KlioD at lh« poh:a and al tlii? 

fa iQflhtng FuaL-fttiUSi ex- 

pt>rii[jeitt. tliif lint rvqiiisU? i.i 
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flriBi loft J point of aiij^ifcnaiyn, with a bei^fblof^O feet nr over; ibertst 

♦17 enaily manajE^d, Tht^ e]q>Gnnient eocceedft. indood. with a pemlubini 

nto II lu 1& IwL luiif, 30 fur ns to show thp nppumni rnToIulion of i}vi 

ane of o«dllatiou from weal ihroHgb uurlh to cnat; bat the ammml of 

Ytry aact-TlaiiC BjroaDftiiiii are loltl bj tho llalbroalc Soliool Apparatua Usnu- 
Edrivg Co., in HulTntd, for f^. — TVtifl*. 




molioo U ROroc<Iiii«> more Nod «oiDutiiiu^i leu tlmu 15 X dn. r (? =tktV 

Th« p&Qdoliini «h<'u]d be a caaitoci biUl, of at loMi 13 [bo. weigfaL K^ 
aboitid be tUoved to float on mvrcury ■.nil ilt« upp«nQOSt polDl msrked 
ibe jH^DT' of Adi|)t*nidurt. OrsL wirk chalk nuiI kflentArdft witb the ecu 
drill. WiUi a To»n] of proper sbapc, iha experiment doc± not rcqni 
tnocb merenrj. If the point of the dt^ll be bluatcd In lOArkiiig ih9 «p^^ 
It wlil Doi k* pM>ibl<y to work tfie bAlT pn^peHj, as\i\ b^mlti^ wfll b 
mead it Tbc lall luual be renttsrcd io h laibc on the »|'0t cnarktdp « 
Uiroed Mcamtd^. A bob nboat ^ of on im^h la dJoflitTt&r muA tboa 
bond Ibroug}! tbo «eut«r, a piece of wuod fcba{;ed lik« tg. 237 tixwrted 
Um lovtr did, and Lb* oppcr rnd tton^il <mt tF^iir Hnd nii iriiiTiinl u 
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ooorlj tbroiifrb from iba tmder tide, tnrnad off eonc«ntiio vith Iba bcft^*' 
ond B bole the »i£tf of a Anti knitliuj-ntHHlle bored qalle thi^ogb Iq t*^ 
ceuccr. A iteel or Iron w^c.Jnst alrong «noa^b Io support the bull, 
Inscmd tbroof?)) this hole, and fjut«it«d hy wrapping it Aroiiod • W * 
ttoot bra^a vlre rs^lbig ag«luBt t>]« bottom or the pJa^. The upper ])oi 
of fiiL«ptrnsb(i mnj be formed by sltupljr tiorm^ a Que Uute tlinough a hIiv 
hook. pnraLng the wire throaj^h it. nnd TvrnppfnK the end ar>Qnd ttic »bf» 
4»rtli«book; batab«tt«rinode of ni«p«ulOKtoi1io«itlii OgiL SS^osd'itt 
A polliJiiM) hIjtH pliii«? vrith n iligbtlj tfoivAvo «nrftii*a li Inserted fn tX^^ 
apper side of the booh, aod the ftteol atimp supported on It hj the at 
pin bi tbo wJFo p«u«H ihrongh the fcmnll hole o iti Th« tftirmp- 

Befora iifBklri^ (bti r-x|h<^rjm(-i]t, Ibe bfill mutl hr nllovr^d Io hnog uaiec^ 
for a conil^eri^lc time, h order to atrekb lit wire and destroy it^ 
toftfiop, dbich OQfrj be aided bj the band. 
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Kwtftn n fttJin^ in n nail h the (lin^aluti lu nliHi ihd |jdai]ulaa) b 10 
B>ore, and <ib«erv« <;(ivvi1/ ihv poiot of iho bftlJ irbfcii Iica la a sUdgbt 
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iVjT. 24ii. 





\^^* l>c4w«cQ Uibuttil a^d Ibe mrt. anj mark It with fbalk. MfiLc n vrulc 

Itioji oa th» itriop, dr tliU around tlio miildla of tbo la]l, uii JrtLM' ihfj 

^>^1 cut, Bfl fhr OS iu v|SriiUon<< nr^^ id 4?rt4-nil, hy winding i\v Hfriii^ acoainl 

Id« nail; i}i^ 4rc of itt>r>itiun aLbuuM nut brj v«rj lopg> Turu tLu Iroll In 

lU «1inir, until the iwini i^nrkod ia njcain in tbo plono of tho wire amI tht* 

L^fAcribe upuu n cjrrulur tiuard tbtf bii^lca oier hItIl'Ii tito ^cuduluia 
tU ja^Y5 cTery qovlcr of m hour, place the center of Ihi* bonrd under 
*^<^ p^iDi, li^ S3T. bufurt fcutcuiiig the boll tn tbu itlia^, and lut th« po[ut 
'^^ ^tjE^h thtf ^r«iliiutl(jii bvgttis hv in iht! liim l>t-l^<<L'U Ili« vvlri^ Atid tlie 
"'ML 

Wb«a thft boll b porfrcUjtttiU, which may bo huUncd by lotting it 
"^^ gvnily ngninit a giIcIc tto end of which tfl held on cbo fioor, (k 
^ Wu«r lo wall ftlkout nn bour,) set tbo ti»ll ia motion lij buruliig off the 
^^'log beyond the loop. 

[Wl] Tbo pODduIum.'Tbo r>!L of bodicfl through chorda aod 
^'^ on ihn dJam«trr of a rirrl4^ mny bo lllaiiirntPiil by thi" appnrmun 
^8^ dO ttud 21^ ll (roniUbt of a wu^hIcu rbf^ .'I J /I, irith a mhoijUi 
C^^To a A ft on tb« luuor Ai^io ; ibi^ ring ia rulviied by mcAua of a eukuU 
^t to ft buD boATd with ndjLLtiinjf tortiw^, ftnd tho foot iuotr is widonod 
^^ One dde m oi to form n jcmnll dinh in bnld muiil- 

■4. TC17 tdittJIoir dUb. or bvaii ei flat boarj wiib an opemnf? corrcapond- 
^K b ikptb and broodtb with tho inner fcri^oTo, in llxod to tho lop of iho 
^■>g opp<M!t« the lowpr dii&lL On« or more fn^^Iincd ]i1aricK m m n jl, alio 
S^^itO, CAU be- H:n-rted to tha tUd^K of ihv r'\ag. 

Kov uippoM Olio of th« critonJA m tn n n Ire screwed oo, and n ball bcid 
*^*lh one hand in the opening of the npficr dithj wUb Lbo othor baud 
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PfTTSTCAL KXPEJUMfiNTATION. 



hold a second b^l en iLat p&rt of the clioni comspondlftic to lliv fanet 
KTooTo, and bt ihtta fall simalianconnljr : Ihcy wilJ rc&ch th< bottOtt ft3 




ft«ariy lb« uiino lUBtacit II Uw same way, balls maj be oJloved to 
flown no arr of fKc Hrrlo nrnl it* rhord nl, I hi* Kitntc ihno- The IsochruJ 
prtrpc'Tty of Ibe cycloid may bo cn.iih illaMmtd hr culling uut t bciuxl 
thb «bupG vrllb a i^roovo on tlto luacr Eldc. 

Tho apparaiiit A^fi. ^43 and 2k4 In T^ry conr^nlvnt far «»xp«TliionC 

nitb ihc ptinduliim- Itn conitnictiai 



«5l U*:(- i^i^. a44. 



ttrv 








ia jufolloWB; tho aarrownpHgUatui' 



nith an arm c, Ja tvcurad to n Aoot 
triangular batf , wIUl ur witliont, lavii- 
iui£ actewe. A llU1»b1^^of anudlboaln 
lire Acrcw(^d into tb« nadcr «dt cf 
thia am. to vbTch ilmple atoon^ 
peiiduluiDA of coii> lend, wtij. sioac. 
etc^, an attucbod ; nud alM cqc 
b«atinj* buir «econds, iqU MKrlbcr, 
to wblch nm&n laadcii balk ari0 fttt- 
ettcd, at kHotL iaterrak Tha Utt^ih 
of Hjc api*oricl>i ptftidulomif li mthMttd 
fVflm th{i hfittiim of tiift hoot lo ib* 
middlo of the bzJl : the pfuficr Ituflb 
U cfL^lJr oltAtncd by mnkicff the £ik 
etriag bn^r tbUD ue^^NitMLrT aod lyuig 
kuuiH iu it. Tbc peiidoliuD, mails »f 
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formed tiy Krcnfnjc tvo little hooki Into ^pp<iii|tc 
id roaaDi^Udg Uioni bj^ t-nrdi. Bj coisUafe tbo balln 
a idre Amoolhf^ i^ont^l \r1t?i tt8|t1mhuai, \\tU rauy iirti'rviinli b« 
out »nd tbo labor of boring tlie bolci ap&rcd, vrhkh ia au tride in 
'Itiul. Tltia pt.'QdoJtim >vrr«fi to illnntrikto the difference hctvcim the 
pJipWI Md ih« TitAibernailcal pondalom. Bealde« tbe Dtra r th» npnght 
llJU AH iron brackcl ^f, whioh in flffurnl an a tnrffi^r m^dc in Cjfx, ^4.*i and 
^6- Tb« ann r a ia rlrdcd to tb« plat? fr> vbioh in let mtc> tho wood of 
tb% tUxkd aid futeaftd nltb d icrev«. Ttio forked ends o of the um 



>iy fti5. 



^<flie. 
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J^V' ^<T. 



, liu^vp IV0 ««m{eiroiiliir depre»ioT!« in mre as hpnrlogf for the froo plate 
<' <iL a front vl«w of whl<'b U sern in fip, S4T ; tUey »ne Unit workwl iiiit w 
*0OTiratcIr 0.1 po3«Ibl« vitb n filr ond (hen pf>IiHh»l witb emery oa & 
<^yliT]d«r of wi>ud i>ct iu u latlie. The piato d d \9 vrongbt out ^ 
*>n« plnft^ »nd thfl axira p *' tunipd. Two pint™ nf rftMl-Klrfll, n« hnrvi 
•* final ond of the form fthovrn in fiR, 247, wilfa highly poli*be4 cjliii- 
Qrlcft) &<ro« aT« iniiert«d in oppoftSte «idca of d <l, *£ boiiHc^ for ihe 
wife M.QVfi of thfl pnnrfnlum. Tlirflp two plalPH mnj' bn made by bdrg 
^^'o \n«ctx of oiiI-mIhpI lugtOiiir. hc^rpiiritig thtui up b u »ii?u, ivuii thcu 
''^^^f a hole throueb them ao ibaL ona half of the halo ahall bo fa vach 
t'lutp; tbey nrn thtrn ffronml toffpthor on n cylinder of brniis with emery, 
'^UtI To rhtf propvr Ahnpr nhd iUl'u himTcnLHl. Tlitj: urn ftfl(?nTJird< 
V^oood a^b with fine emery on woi^d, and polbhcd witli Jcwckf'^ roii|c^'. 
^la pafuittlam nupcadcd in thU manner h ftce to move ia orory direction 
lad can amjac at onee ■ porpeudi^ulnr povUion, lo thai the stand does 
tiDt r«ij«tre to 1>e lereTt<il, llrrr^bj aAviug tvwh tronldc 

The kaife tdgGs ore made of eui-sloel. shaped an accurately a« pouibk- 
aitli the tile, ajtd hardened; th9y are thea groirivd v\xh ^mpty on n gloat 
plutft, to glm tUfitn A Ktmight cdfz?. Tbry irmy tn [iiialljr polifihed ivltli 
roDStt on a linen rag. Tlil^i can be doue moro mpldly, bov^Tcr, irilb a 
d)«lc of wood £i or d tneben ia dJaoietor, coated oa the od}(e und iurfacu 
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WrreiCAt ECPEPTWEfTATTW, 



villi mi lod HxftA on the tatfa«. Tbi« dbk fa rerj coiTPuInit hi nskh^ 
Bi4i^ i>pUcttl iaslnacoU. It b sDMrad iHtb roQ|,-« »ud vsUr, uid 
tsnud Tcry npidh^ 

The |iffMli1aiD Todfl ftr« made of wahiai or appi* woo^, aboat a cCMl- 
aeUr tqaoit^ WUer* t^ kaib cdgvi go llirougb, two bnm pJaln^ a a 
A ^ if*. 24S and ^4f*, prenoiulj perforated to receire Ui« kntfe ftdjpa, 

are let into the wood and faft«o«d 
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vlth Hrett g<k^T]^ tlircfDgh ili« rod- 

JA A (rlawvlar peffontUoa It alto* 
y^ I vraids cat tkroa^b tbo Vi>od vttk 
l\^\ a cbM, and tb« koLfe «dgM drfvco 
^^1 a maiei. One |^i>d«liini boa tiro 

^H tack kbiT* odgca at lti« rt<|QUltf 
^^^B ^^M dlttncfv to fonti a Hmpla caccndi 

^H praduIatu,(=]l>4cvatiaietenL)tbv 

othtr hu otijr ooe ia the midiii 
for cipehmvats oa iD«ttia. Tb« 
rod> an gradoalrd to rvntimviam 
The balh art wmdt of laad caM 
la wooden moaMi ^oaM vlth 
graphlla. Tkroa^ tli« noaM li pawl a riurt raetaogalar bar of uniootlt 
ina lUgfall/ tycker on on* Mm tkaa on the oHkt, aa mtn in the cma 
•wtioo, Ir- ast; tbe naalkr tsde te ibMt 1 tevOmmt is thSckvA. 
PoiUiU are marked with a paii<?h oa the tade of ibg bar, a 
iV^ SSo. ^ \in\^ to o»e lUe of iW i^oti^f Tbk bar h eet talo the 
uoald eo thai tk polnti maHtnl wQI be ia the canter, end 
the opeaiait ia the wdf hi therafOn anenlric The balk 
art a/tenranl* laned off oa thb h*r amfl ibej here the 
proper nqcht, aod the hu U then kiioclcd i>«t. The «Hghi of the 





f^-^h 




nuMy of ^oone^ be kao'nv^v * 
•fid ttkewbe thai of Uma ■" 
Fig^ ^1 «. fara« plft* Kti^ ^l ao^E^ 
361a. Tbelatter iiedt 
Ufore bMrtiof the Wr^ 
and romplMcij filfc th^ 
apenotv ; the lhaiiib<«ui«e m 
a prca0nf:ajralaatlliUiut— -^^"^ 
one the weight to the fair^'^ 
b aaj poatUiMi, The H^o^^^ 
h aifi be a whole aouiba.^' '^ 
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f^niuncUn fnxa tb« center of the bftll. The ball mur tw varnished 

vllb ibellac ttxl lampEjTB<>k. Tlie baits raay he held in plAri' by n 

uidplfT btit not io ne>t &rr(Ln}ceinpni< nf i.wi> Iitiua xltritA f^utt^uett lo 

tliQ rodn bj thmnb-MTCifi ; the hole for the bnr U then maJc aqiinrtf, Ggf. 

353i When tbo potob w!wro the wftighli blionld be jp^ ^^^^ j^^-^ 253 

jfixtd for the rpT?n;ton ppnrlulom nr« rnTmUTr'd. thnj 

ehonld be mftrkeit on Ibc rnd^ The weight of iho 

Mia &B ftiM nmrkoJ oo tb«v, 

Foreiptfrlmottt* onlnertta, It Inneremmry tohnv^a 

^/irull Irnll of dHint j l<i i lb. vrcjfibl, ^ nt "^ Wvt. unt-h. 

naQ 3 uf I lb. To make iLe pxpertment, fix llie 

hoi^vy b«ll8 at «q[i»l iJiiUiLc«« frocn the poiut of Wfi- 

petition, upct tlie Ilgbu^nt out', nl thi; rnd of the rod, 

■^H £a lig. S53* «iid i>b»nv b<iw iiultit IwatH Ibn jh.-!)- 

<lt4l«ai makes in % lainuto. The tEnit; of the bcatg 

ivlll reiDftin QQchangfrd if Ibo J lb, vr«if|ht be fixed ti 

^^^Ire llie iHilnniMT from tbe paint at inipetniun- 

To mube tbovxperluieat wllh ihe rcftrvLoa |>eDi3u- 
1 ti t^, faatea two brifk of or^uikl ni^j^ht to the rotl nith 
t^vo koilc edget, ■© ihui tbt* mi-lile of oqo will tie 80 
^TicIorLbeolburliOcujiUiiiet4^rArroiuoumjftbe«dge<; 
^^9 tiiac of ribmtton will ihen bo Qcorl; cqaol oQ 

C^^S] Pendulums with audible beat. — A seeoad^ jiedOirtEiiu, 
*^**T*iitmc!trd a' ^Oiotc (If-^cnli^'dH wi" if" ^^ hnir ■>c loorc. but it h liici^n- 
'"laiciil for mauy purpuacs. hL'c:nu;;c it; bi'ut h u^*t auiihlc. To moke n 
P«ai»(titbi(n whtcb 4^aJL bent aiidlLily, fa^ton to ibe top of the ro<l an iroii 
"^ r^Jofl, A|[,3f>4,iii wbirbllm [run t^tri^ti:^ j;*- o^j 
^*^ istwidored- The axis paucithrouffh 
^■^l^rongue at f*ftDd&rouuJ|>t[j through 

^^ toji^ upnn wbtrli tb'? hmt hnmmiT 

"^* hu&ff Ibrougbfcfllitr, fiitS,^5, Thia 

'l-tokca "ill iben bo uodibk-, but must be 

It k mirrc i.'f>ri«piUKnL mid itdvunTJif^r. 
<'te t^ procure frum a clotb-raakcr na 
irruigCTrdflni u'llb tv raictiot-nht^cl aud 
Uirtior <-**j-a|iemL'iir. with ti hund fltrd «|^ 
ua tlie ikXis to murk tbe bi:!irGndii im n 
dItl-plftUi u KC1L in Qic. 36G. The 
piodaloni rod is tfa&n rnvkde of iron, flo 
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T-bht & ]oad«i] haM bored IcDj^thwito or oid^wMo can ba fixod 
KT^v. For tbe short Uiuci duTtag wtikh Ibu RKpi-rimvitt will InM, no 

ccmpoasMJoiL tmuigeuiiiiLl i'< uvcuantj. Tbt 
^ijj, ^6- clMJt'it'fliic i« vapport4>d on a frmroc, b« 

vhich tbc wofjc^t nod tho p«iida1ani h 
TUif< fraini^ ifiuuld nm Im utor 4 nr 5 
hl^ ao thttt Iho moiiofi of the 
caD bo coa^eniontly ao«ii, » Uii« amu^ 
ftcr7<M 4t iIm) tiiUD limn to illosint* 
GciraniiiTmi wnj tn wblr^h h |ienilulinn b 
nectttl with clock-work. To allow U (o 
kngcr, muTfo the whool oroatid vhich 
cctni mtid v(?-ry Kmnll, nfxl hnofr 1h« wel 
on n movithk [>ullc>, Tlic pcudalum 
be rpgnlatt!!! by % aha^ln »ccci|;d* jwind 
or ft good wutt^h. 
A niorv coin]>loto but mor* 
iirmijjccmcnt Is hhown In tii[>i^ ^^7 nn^l ^fiA. } to { the DBtVll 
Tbv weight 1*1 no amntfrcrj that it cau be woimd afj u-Uhoul Atoppiiig the 
TiiotLun of tlie dock. Tho biTI ma^ bo raado of caet-irc-tt, ftnd ahotild not 
Iff 1e>ai thm to tbH. tn v^T^hT,, 

L I ^^] ImpACt. — Vor cxpvinmeni^ uu the law* of intinut the toelutic 
hndkF lanf he hdU of uubiirut tUiy of vArious aizoan iato vabkh kfxj-kv 
flxL*f1 irhilR fn A i^fi sut«L Their tT*I}T^]t may ho fti!ja«tcil with a 
ttflLT drjiug. Itiit thdo balU have *[ill siKiie dniliolly, nikd tho re«a 
^'HI, thcruforo, uol ecrre^pocd doa«lv with ihv kw. They ftK mi8p«bd«d 
by *tlk ftriagt fVom n frouo, mrh an it thotnt in fifr- -^^j ^^t *^ D&luml 
aUh. The hookfl uf tht! fmnc poM ihrongh lung vliu^ and *nlii be p^)aU«d 
by TDeana of two njta, tia that th« haJb ahall Jiut touch each other and 
Ihdr contOK lie in the same strftiphl lino. The ormnRcmcTit ml^b 
mtule oheMijivr dy fottcatn^ Ihc corQi vritk c!ork plugft The expmm 
io llfnsirjLie Hie Inv »re fery sliuple: ft U ooly oeeesMi^ io am thni 
halU hnns in tlio sam^ «traTu-hl linc> and not to mnkc the [Ri|>Act 
Ktroufr. Tor kt^v of hrcakiuK tlkv halb; but, oj atrtwdy mentioned, 
BOre<« of the eiperffneni wlil be hidlflerem 

l^xpcriineau with cbuiEc boiUc--4 sti>^ecd better The bdls for tb 
uru mode of iTory or lijniiiin-i-itii? ; Gvc or Bit of tb^m of the Mne aitt, 
Oho !wlr<t And aiioTbu-r balf aw large. The lAmo prcrftutfooA miu£ 
ob-jcrrni- Th(» IipUIm vIII not hmnk, but Ihc runlta nrv Dot ui^ord 
when the rBlocity i» loo frrtat, owing to tiie inijKrfecD timidty of ir 
Special care moflt he tokea thai the balls be barely fn ^^ntaet irjlh 
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iprouiog Dpon endi olh«r, and tbfti their oeoure be ia o ttrftlgfat 
£ip«HincDtri ou vbljqiie Impact ngultuL » plane luny be uiiidc by 



>^25r 



fl^. fi58. 





%tig a ball by n shiply rfrinif From any liimi of a HOppoH, ftff. 300. 
^ovcribs Uie aof;U« of mcidGac-if uiid rvUvctioti od the t»l)]», &ud (^ive 
tb« Ijttll fta fnipnlit^ i» the illreotloii of one of thoHa liJk^. Tbe Icu 

perfect U)« olflj^lIcEty of (be ball. Ihn kni^ will lie tito angle of r«ttcctlOD 
comporetl with Xho an^h of inci(l<.^noc, UGpL^uiuIly whan tliQ latter iti groaL 

to tb« case of Worj, the lioll glld?«i during the compr^Klon nlong tht 



\b^ 



ravetCAL EXPEWMEST-inON, 



aorl^.- ot <bft nhh, hj vhicli tbe portion of tbc vcluintj yhkh U pftnU^l 





and afl<?r h4^vtTtiI Ttbumids iht laJI folU peniff0- 

perimeal mt-cectU tlia fir<t tinift, liow- 
urur, tcry ^k\\. Tht law of liupcwb 
CAQuol ba so well illailnkil on & billi 
Ublcv bcrfLU}:^' iho ball« bavc. benidM 
f^ldiog inoriuii, vvlitdi Tttlb VDtiKlj wh 
tbe Btroktf Is feeble, a rourj idoIIod. 
wlifb fiomctimcs comcidci m direction 
vilh ihi! fr'<<^i"R '>"<N cornvtimes oppOHt. 
or i-'iTLm i]Mke« dzi uirglv Ml[h iL Tbc 
iniptrfci't olnalk-lly of Ivoiy u porftiC* 
uUrlj evident to ihc cate of oblique uttS 
piict btiween two bill*, whert. IT th^ 
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rhy TGT? [-rrfeci, the bftlls »hi>ul<l dlren^ at r^ght nng^M tflcr 
Impact 

[ISi] FriCtiOIL — For tbo<« «xpwInaaU the Lippatotna bIiovd fa 
fi^ Td maj he iJiL'^n v\pTi h U onl^ rvqn^rerl to ahow Thp nmount of 
ff^fdoEi of wood upon irood, fijt<i niMntrnU iho prlaHjiiftl lavm nf frictlOD. 

^or iMs ptirpow « T«rikal prism or voo*X with nuoquiLl fAoesittdnini 

ttrtfr rbo horfioninl bcHtrt 1;iy weight*, vkri the fiber* ao<n4t1ni'?< ptrdlel, 

HouKtlmM ptqirnillrnlftr to rhiKfi of th^ lifuinl Thn prfnm mntrt. hnvo & 

hook for each poiilioa in vihkh it ea tioed, ao tlint the cord pai^jng orer 

Cli« pall<7, to irhjcli tbe ncij^bl ka ailuclj^l, tball u[ivAfH be horisooUI- 

T*ho flfiftlo of tQcIlfiAtloii vxny ulito h« i|Qi«r(Tiiftcd at wlil^h the pritm 
b<?jb;t[iH tit ^\hh t]ovra llic boliiied planfi^ oiid tin? force nctm^ parallel 
to llic p!uDC Cftlculutci! from tbti, 

1*)io ELpjidratofi lodQ xtk fi^ ^61 nmy bo ncod to vbow tlio dinr«ronce of 
fricLioa npcm difTrmii iuTiitiiru.i*K 
"l^ho wbeel ^1 j4 ib mado of wood 
s^^-tiurakd mlh hoi oil, ov of brtu*^ 
^ Viund pH»v« ovor it, liarin^ » 
**A<xl] H'itl« pAu ftL euL'b uud- Tbtf^ti 
Ar«« loAdod vlli A GoDaldcrable 
***'S*^ ftn<l tho cxcw of weight 
'U>t«tl wbbb b wqaTrad M be \M f 
™ ocie p&n lo tt^rn the ivli«v1 wLtu ■ 
tlio onio mti ancccwiTtly on iho i 
frit-tioii trb«cli *i o uiid the bwinngj 
■**■ *« iTL Kuch imSr of ihenebeaf- ' 
^nn^H Un*do of ft dlfftrent material: 
"^■^Q, bm«, ffonmctal, zinc, wood, 
etc. , bBi atl bopej alike >nfJ vquiUlj 
^•cU polUhod. The ex|>«rliuezit 
^^»y be mftdo vritik and vilboDt 
^rmum. Tba apporftian It fnpportcd 




nu 



a «[iitablc woodttB fruacu 
ThU b, of i^iiunn, not TOfllrUnt to 4et«vmIo« Ibo cofffic>[coti of fri*;llon, 
tiat only tv rfio» that tb? friction Tarles with ibe >iubslaaL-a utfld Frb-llon 
niUer* d«MTT# Mp^UI noike, because ibcy nrc indlspcniabic in hanffinif 
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(5.) EXPEItnrEIITS 05 HTDRODTTTAMTCS. 
[135] TolOOity of OfflOX.— Siaco TdtTJcclti'a IftwMdigoo^ i>jAj 

Ihnt at t1io ktnmm Qi>ttitig out tbai It maj t>« neglftoivd, it Tflqutres b 
tolcr^ljr wide revMl, find the rcl^ity <>f clBsx i« txJIl rvducod 1 per c«oU 
vtion tho dUmtttir of tfaa rcnel u IQO tUnifi jp^itttT tiiw thftt of th^- 
H«)MDllig. A tin Tc*HrO, likv ibHt fihu^u Eu tg. ^nS, /^ Uk* ti^rtiml alxcji 
filiwiea Gx Ui« experiiDcuU miiJ pr^Tidod with n C'>iiintuiiiciitiL^ Uibu a. 
the atde. i^MlaAtud to iQi;hc« ftud l«alb», »■> tbtl Uio lidf^bt of tb* vaIg. 
In tb« vQMifl may bo convctJeniljobierrH Tb«re maj be fonr op«tiii 
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of which m iff 4 aii'l fi Ifl, or uiij wliuk* uumbi-r of loobn fk'Om tbv 
Lovi.'l to T/ljEcb tkv vfirucl U To Iio lilJcd, a« uidicalod I17 tho ml«. AB 
Lb^A^ apertarM coociat or nhort ivthc*, S inrh«M In 4liain4i«r, ut tn fti 
FJdeK ^r i\w Tefwl UT ii< ATuI I'foioil Viy u valve like fl^ tO^ vhich cnn bv 
opirticil bjavtrc or cord, Thn real ootJet tnbeflu^ screved into ib«K; 
they bftve abnrp 0>ig«a tad raiy in diamot&r from i K3 1 IfaM. liil« the 
lowiwt opening Ehn tnbr h, f f;. 91^5, Th api In Enrb n TiiKiiruT tbht ft nm b« 
bimad un iti ftjL)«; itic outlet Liitm'-u mufirtcd ht itiii, aiiO like icdiaAtlou 
of o nsf be tnul off ou ibo ifrftdu^iod ciroLu fixtrd to 6 aud mmin^ oa o- 
WiLtcr U ininxluiMKl from a ujcqihI tttnmX su fojit u It flovc out of fh* 
fint, ao UH alvayx tn mnlucjilii tht? fttitil nl lJii< katih- lev«1; but wiib 1*17 
II outlet tabcd tlib prccualiou b iki>t iiooctia^'y If tbc rircam be ollowod 
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ibort tide. ritct«4u] of tUt? r&lTv nlicTQ in flg. 90S t1i« tnbi* 

furninhnl vilb anlido ovbide of the tvvaei, V in fig. SfR irlmli hM 

the adnuU^ of not diittirliu^ Uio How of tho ^atcr when opened » tliO 

rAlr«t 4o««- it voQld bv bvUor itiH to have 

ecvb onilirt tnlio proviilc^iJ witb im-h a «lii1« 

oi<M« to lu m«iiii, «id Uitt Ub« a furuia^ 

vridi a rolfo which oonid bo cloaod vhilo 

olMi^ug <hc lubcc Witb tfa« arrtiiiK^iu^^Tit 

in wbk'h lh« tube ia olueetl aviuu iIikUul^O 

rrom \u tDogtli, \t h ncccBurr to opcQ tho 

■vfl^lve Mtd aJlov ibc wuicr lo flow out aotiL it 

fl<jvB qal«t1y, uuil tht^ii al ». ciTluin momeril 

t^ bc^u U> coLl£>cl ilv fluU cb^H btlun? cluaiug 

t.b«TAlT«; bccftiUQ Aticr the t&Itc i» opened 

ttifi wide uiw a snut tiu filliKl, au'l ^mpli^jj 

*hfter di3«liig \^ wblob giicfj itJttVJ.'uriiie rcBiilU. 

Uut thU procodurc alwrkjf makc^ Ihc room 

y^rj vet rh« TCTolving tubo <*, [if-. 2fi3f flcrvoa to oompm^ Ui© rtrticdl 

kolght to vbleh the mvora 19 thrown urEtli the hcighi of tbe colnniQ, tmd 

^« ruftt ot dlffcreat e]ri&tIi)Q4 wMh caeli oilier a»i.1 wlib tL«: v«rIJr>Ll 

■>0i^t, and to ojthibit tho |)arabo]ic ciu-tc of the Airtnm. 

Tlie foorth opeuitig> La ih« bottom of the retiel, »crvcH for the tame 
^^perlnMUt ■* m nml n ; Iho Afani) hu iv hfila ilirough It for Thin piirpoAo- 
^'■^ tny around the IjoUom of th« tckicI U w cfttch ahj vt,Ui Ihiit uoj 
tt-Alc through th<^ ^dree. 

TUe ^naoMi^ cf vaier which b&« flowed ont h mo«t euLly aafT^r- 
••«i^ hy wrtgliiug, ncd fur thin mairtii it w Trry rnnvrnlt^nt to bn^r 
^^ ftppoxttliit gn4unt«d bj Frc^K-li mcouiro, no that gramae vr«iglit4 can 
^ nwJL vhkh t&T«fl yUl irouMe ot rv<iu<i1iL>u, 

If CM of tho oatJet inhva he |irovf{l«il vlth several ronicnl o|>«ttlng« 
^^^Wnd of oM openias In the ibiii wnit, t.ltiiir i^fTix:! meiy (tl.^n be Kbi^wn- 
*bt effect of IcD^ c^iiDdrical tubes on tbe *iuttatHy of wulur (Jciivcred 
"^jhft thown liy taking two pteoea of lh« Mme glass lube, ece fouT 
^ao M long u tbe iitiiiir, mid lti»TrL1iig Itit'tn uncci^Exivnljr it\ ihn nper* 
^4ip hj nmQ» of cork^H 

Ibe dtirntJoii of the experiEncot; mast bo onimated by n wfltch wjtb a 
*%eeod bftud, or a McondG pemJcilam witb nudibb tick. Tlau timv mnirt 
*1| ihh, HI in nil tiibirr fiiuiUr {^^^->y tm ci)ii:it<:d frt^ii) iLUtl uiib fruin 1 uk 
f « Apt to hoppee, 

T^ exjicrimeet od the rnnfco, tho horicontol renffe f^auJd bo chosuDH 
Vrom tkt hcii|^ht of the nperitin: above the Aoor (ralculaln tbu time 
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rcqnirod to falE this diitanca, and from tho obftrrod tclocltjr, tbe diiilaiu 
of [trrject^on for tliLi iini«: msrk ihli oa tli« door, *nd tli« fiiyAui vlQ 
nlwuTH fftll "xiicdj *]([ ifit* *jii>t linllcaieil ; vrliorvM tho vi^nioal pToJtTciii 
^UI be At moijt ^dI/ oiboai 95 per cent of IW 1i«l|(bt of the o^>]umtL 

1q oxptTlmtrntiiif; en the qnantltj Oou-in(^ uut> Um outht Inhti uttaX 
roOGrt not be too small, tn OTEler lo nhltita nrinall^ 6:? prr cmt- of lh« 
theoretical efflox. t.^- of tlic quAntUj ohlAtucO by maUipljinff tlic arcft of 
the oporiinf^ bj the cdlculatcd Tclociij- Of cw>r»t \\n* area of tlto Apcr- 
tuna muitt be rtrj a^urakly det^miined, wltbh nl least i> 1 mllUiufittr. 
Tf the appnfntiis Im finirml uf n mfyhiiiilp It hlitjnhl ha m^oirwd ihat ih« 
(linmdor -iff tho opciifn£r< should bo txprcjnibU in a% loiall nuiU u 
pg&iibk. e.p, in tQillSmoturA^ 

Sncli ft f$6m] OB l« h^re i)i?Koril>«d U mihcr «xp«iiilvc but tb« eiperi- 
monU CJui lio miulo vrlth Mnrioiti^'f; viur, to Imt dcirrihcJ illrrctly, or with 
ADj TCftDol of mfflcicnt vritllli ami about n ini^h^ in hdghL Bore a bo] 
exactly 3 mllUmcleri wide in tbe afd« of th« veBse<l, and aaotfaar » cei 
meter wido, nnd noldrr a n^tort tin tulin to It, CIoro thn ojvnla^ wfll 
cork, niid do not begin to cuIIulU the vjitcr until it Wo'n cjnieEly. Tn 
cbanjfi; tlm upcrturi-'A tbo 7i>fl«cl niqfci Hr?t bo cmptt«d^ Wilb Mariotte% 
ra«o tMs 14 not ii»WKarr, thu nir tnbn ntiod only Im eloicd nad Ui« vMli^g 
tnHIrt^ to imc ahlf tn St\*tri any ruhr. ^H 

[12n] Mariotte*8 Vftse.^A F^mal) toh* of thia kind ik on intercut bg 
piece of apparixiua froai Ihooroiicnl con«ldemtloDft, and it xt€f conly coj 
itrneted. A stent glo^a botiU ft cloftod with a $food cork, Hg. SS5. 

Iiiwrp of hnrnr]]i<fi-r tnbu «, up^Mt at bnth pwU am 
^ravn oat a little at the lower end, ia heati^d ncu^ly 
hat vDODj^h ii> hum tbo coirk and pn^ibad (bronsh 
n hob bor<'d in it u litllc Hinallcr timn the tnbci by 
wliich a lej-y light joiul vill he mode. Bor« n hoirt 
la the fide of (he bnttli? villi n copper rtiig about 
half an inck in diameter, and ceraatit over it a tin 
tube a littlt? vtidt-r tlmn the ojiening, vith a rim 
fittJni- accurately to Ihe aurfaci* of (bo giftsi. Tlda 
lube njfij he arranfcod to reecivc vtkrioua OACOpo 
or a fihort ffku tube v Sited into it with a coik. 
Thli appyinituK Ik Tcry L-iinveiiLunl \\Leu a contlnnuutt. uniTurnt, and 
Ter7 lorj^ fttrcam of water h reqaired for any (uirpofrc- Fur experitOttitA 
on ofGux proper it mtiitt bare a capacity of 3 or I qoorU and allow a 
Tcrltcil prcAun (i.a the dikliuio; betwvvD the lovvr ond of the tnbn 
aud ihrf .eye) of the escape pipe) of about 1^ eeulEmelcnt. AltJun 
the pnlmitiona In the ttreain cnnscrd by the cntranco of air lubbka 
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T^rj pR^pttblo mih n lowar oolnmn <! nator Ib&n ihxf. t^l^mbfy correct 
rvaullH irilt itJil be oblAuicd. Tiihuliitpil buitltiH BLttlttltlu fvr l\t\h ay]i»t- 
r»tm m^y bo obtfti&ed at email tspciiM- 

if tho otj«ot b« only to oihtam n oniform ttn^iun of WAt«r, tbo bottle 
dOMootreqalraftnyvpcnurc in il* ^duj it iaooTy n^ccHSfirj lo boro iwa 
holoi iu tlie uork. auJ LiiH^n U^r^Sil^ Ui« ulr lube a alpboa rckcbiog D«arly 
to t]^o bottora ofthc boUl-;, 

Ei37j Tho charaotor o( a etroam of wator flowing 

VertloftUy downward ihij be tkt-M. eh>nti hj meitnn <»r il lin vcKiel 
wltli a bomU hah io it* h^Uoni, uuiforit) itrtv-wiirc not bciug reqiiirtd in 
tbis OMO; The Mine in ahown, apart from tbc coutfootioii of tbo ttroam, 
bjr WAt«r or qaiekillrtir flowic^ iLrougb a itlpboo* 

[118] Barker's mill.— A^ \he ubjrct In Instnictlan U mom to 

•bovT the effect of bural prcMUL'c lljon xo obtnva the maximuin of effect. 

(t ift not pQpotr&iy bi ]iihvi* tho armr! of tha macliiiie boat, aiiil it maj bo 

nauiln. In n Ti?ry almpla manner, of tfn, bs abown In fly Hfifi, Tlit* Iron p!a 

«. soldBrcfl to Ibc bottom of Ibc rjUinU-r A, 

^Qitt in ft dcpresnOQ in tbc iron pbic fr. Tbe 

^re cnub fttroM tb^open tup orthe<rvlin<kr 

^*id lo It Ir nrrpiTprl the pfn r?. A sTrip of tli 

^ C*, sirtnjctbi;n«il at tho td^cs ftiid bent twice 

*t r]|^bt QDf^le), t» si^dercd to the rcaiicl ii, 

*^l server tu a guid« for tlio ptu cf and a 

*'*Pp«n for au rnsllj inmhi^ pnllry c A 

■*^lag U ironail around the pin luid pnnisc* t»vcr 

Ui© pa]l«j, to :bc end <>r whwh a umall wab 

P^ii to eoDUlc wcigliu is alluolicd. If Ibo 

^^pCitncnl Ih to be I'ofLiiikiird vtam*. Limo tbo 

™^Qr TOBcl li ibould bare an oallct tube. J 

^ «Wlj kopt full, 

tl2ft] ^e watepram.— ^fobr hiw (f«Tt4«i1 irn tppanint ou a 

^^hll MTukv vhicb pthibUi tbd actbn of ibk mncfilnc veij retl^ and i?tii 

***» cobalruel^i wllbout much ^.tppnie. Il ia roprvflcutrd in Bp^. 3fiT ami 

■^tll Tb<J cUitm A TR supported on a frame whioh oootiunii nxiotbcr 

^iiloni b«low. upon thu bottom iif wbliU Ibi? lowrr pun* of fig. 267 r*>L 

vheiubc/ifhicb condacU tbe wflUr Jownvaril is made cither of j^iikAt or 

IvJkd: tbc lo'trcr end of it in 4?pmcntGd into tbe valroshovn in tiaturnl alee 

^n A^. S6S; Ibe port 7 wbHi [jiulsl^i throngb the i*ork muvt bg of glaM. 

•Mar tbti cud of ^ Eh pjiAAcd thruu^'b the 4.-i>rk. n Ifu IljThi with n i^TrnpIn 

Qip mlro 10 ccnKintcH^ to it. Tbo tu'w p »crn-a aa tbo j'«L Tbc ptippet 

tnlre, Sg. )G3, comUta of a O&t ctfftal platOj vritb a rod working tbroogb 
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tilt <tTfTni» *!; IW length of ibr Klfok" Ik m(^»lFili!cl hj ihv. IiaH r, 
vcrcvm up nnd dovrn, lb« weight may be iLcljiiflleii by little pluici 
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rhtr^ on fhr rtxl Thr mhe* n bthI ?j >rp tnfliTp nf tfn. 
«otDC puli-iut-'c lo rcgoiatc the r&hc, f*JT the app»niU)i iIqca not 
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I I- {£>) £XFERm£1fTS OK TffE XOTTON OT GASf^- 

[130] The jfasODlotdr. — Thcfonn of p4i'>m<t*n"whicUiag«n*roIly 

vrltl) tho Tvwi?I tietoir hr two 

tfolfd vopportt c <■ Aori iwo /*j^, ^9, 

catwi fomkhtd with ttop- 

c*oH:«. or vblcb a reAcb»a 

from thv bottom or tlio opprr 

rcosel nCBrly t^i tlie bottom 

of th^ lower ono, bul A onlj 

eoU-rv th« nrcHp'] top of iho 

lower roach cf ia a ibwrt 

Itilxf iloplnie upwftrj. nod 

c«I>abl« of beiiLg clo«H with 

^ cork; r u tbo iliisrlikrgc 

pipe ; Afid 9 » ir&ngo t<» »bow 

tti4^ h<«ght of tbo v«tor in tho 

^'i^Aapl. U ii wril 10 lm\t the 

^■^ti«Q 11c in ft dvproHloD in 

th« ei^ of tbo TccMcl oudc to 

rotelT* It, whow H will bo 

'•»• oipomil tij iiOtiry. T*> 

'''1 UbecuoiD«tQr wiib vaur> 

'^*"» 4f, open itt Hop cookd at o 6 aad '•, nnJ p'jur wutcr iji Uu uppor 

'^ftwl ff, which will eipel the ^ir llirough b and f. Wh^n thp» wstpr 

'•^Riiiji lo flow Ihrougii r, chiM Uko slop-cock tnd oipcl iho mw of this ur 

^WOQ^ b. To fill it ^lb Kiuip rlo>c nil the htop-cockx, open J, uriJ intro* 

4tiOQ throufb tbo opoiiibg & ^lu tubv bucii Hlighily apwar4 : llio waicr will 

^^ oni LcJiidR it iw fwl ju the pw eni.prs. When thr vihmT /t U iilM 

'•''ill g^ cUwc ^ Th'; gM raajf (Hbur bn dmwn off thn>u»rh f. cr iillowed 

^ flM tbro«5^h bhtio a ^loll ^'lua^ in oitliL-r oft^'J tho rvntt^l ^tH fiUod 

''^^^h w«*r flrtd this cock n ■ipeoeci, Thw gfi«oin«t«r may Lb chwiply 

'^'kninurln] of aiuc; niid thi? i>ti>p-ciirkA puivhamt horn u ijtuiulrbr cr a 

tt*»-fttt«ft The «lop<ock * nuoJ col cod in a »ww; tho tobw may bo 

•"^Oftort^d witb it by imlin-rabbor. 

A cheater iriiictniiTtrr may bo rowto on n %m%\} Motile lik« ih<He Qfled Bt 
^^ ftW-vorkB. FSg. 9T0 rvprcfti^nlfl uue of Ihia kind mndfi of tin?, with 
^ l««dcii tube which tfcrticiq both to Jnir-oclTt<;a tuid d«livor tbc gae. If 
**de of tfLTf^r dimr^FJiioiu, so a* lo have The hmer cylhdor mncb OT*r ft 
^ 6 iuchos niie, it becomtn loo heavy when filled to bo carried oboai. 




16D 



PHrSICAL EXPCK1»£XTAT103I. 



so ft^ 10 leave onlt a nurrov apac* liotw<»eo The tides of ihv iwo for tbi 
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water into which iLo upper c^Liader dlpft FE|;. ^ll rcjircMCitU «iicb ' 
apparatus iu upctbn; tlio conducting T>ipo boinj; carried up ftlonfc C^' 
side oribo intjerotUmlrr 

Ta fill «ui.-L s giiMjiuel«r, i>|itiii tUtt ctxi\i. remofo lh« nul^liU from L ^ 
tnorablc rccdr«r «Qd Ut it «lak slcwlj ffilo tbo water, thcTi cranf^cct c' 
gOA pipe with the gvnomtoT bj tnoAnn of a pAllav« eckv or ludu-nibt^^ 
tnblng. The cunnterpobt^ w«Ig1it vbould prrpoiid^rate JuM enoDgb ' 
OTcrcottic Ujc friciioTi. 

[ISIJ £^0W Of gasOB through tUbO&— IDuniiiifttiag RM b t 
most conTvnicnt for ihoie exp^rlnienN, Kill tli« ^OToeier wlih th 
roiinrct with it n retry tinnW lt<n<l pljio I font In If u)(lb, oprin tbc rork a" 
ligbt the ptA 0.1 tlL« muutE] uf tho lubr. aad observe how macb burun i 
ft giT«& 11ni«. Thon r^pLiioe Ui« tube b^ one or the ttm» vise but necL ^ 
lonjTHr, not iif'fllrnriTn(f tbfi Irii^t)) of Uip tnlw* In IhA gmiomMtr In ih^^* 
coflipariflou, fliiU niulid lb« aamr? o^scrtuiluii lu befow. Tba aiz« of Uk^^ 
Qnmo ff\xf9 a vcr^ doHdcd indlcntion of Ibo dimlQntion Id the qttftulltr'''" 
detivc'Tvd, H-bcii tbe prvtiun co the gu doca not exceed ouc c«aitliiicier~^ 
of wokr 

Tbi* guorsctcr maj b« filled br connecito^ it by a flexJble tnb« v\iM »- 
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;.A pr««9um-fttiii:« llle 11^ ST3, bpt douUc (Ue siz« of Ui» 
Inio tba top of th« rac«iTor Lnd th« rvqolaiu v«lgt»; 
old on. 
ri39] The experimont of Clement and 

^Oeonnoe,— Tako u ciKular jilAtc of tin J/ J/, rijf, 
t'TA, from 3 lo 1 Iitchos in dJamoter, villi ji hol« in tho 
«iiUr : EoMtr a caUar ^ to ililt» uud i^tnuiiL b >r1aaa tube 
I into ft Blow into thi; tube nhxh holdinj; the pUl^ 
^«fttf^lT, wUb t thovt or pftpL'r pAralltfl to it und 4 on 
DcU i1lH:«ni; t.)ie peprr will Inranrlj oTose oirertb« 
>P«iung uk4 McalUtt Wkvnrd imiJ fi;irward hcf<*rv JL 
rbo tppaniai majr be vtri«d bj piuaiag :i piua throuf^ 
^be d(«k: Jtf >r, itlcUng % dlali of paii«boftrtl of ite 
^iktiiL> tlftif nn ibt'wv >o Of to mort^ fri^^l^', iltuI li^ndlnjf 
'bcdi uTer; llio lia lUsk i» tbco hold bcrijiffnul, t* vcen 
In th« Bgsro. 

*Tlu3 ■piinmtriJi U illll forth«r fllmpllStd b j thnulliig 
the ^lUftft tube tlirou^^ a ibort cork, cutting it olt eten 
irltb tho tnbOi ftod lh«;a fctuing a di»lE of thin fiRiooth 
piuiKTioanl, S or 3 in^hcfl wvHo. to iho oork, nod piercing 
^ ode tlifoui^b It. N^jtir iJm udi^e nUirli llirev Hiuuutb pi&rai uf wire, tiid 
=Xi UiMS A diftlE of Ibick pnpor of ib>^ uime hizc oa the pattcboArd. Tbo 
liolaa in tktt p«p*r ntnt be t^lonbl; lafgo« and tlie eada of th« mn^ bont 

Fiy. ns. 






ulicn orihodr^QgUtlD looomotiTec d«ponde on the same principle, 
^ viflto Bteam being allowed to (escape Into the chimnry, (ui may bp 
^'^'crttQ bj the iqipamtUTt Eig. 2Ti. jI in ii (thort, wido ffloas tube, ^vbk^ri 
^'^•rbe tat off fforij ii liiiuf> cliimncn Tork* iirc comcnicid into both 
^■"U, ftnd ihivugh one of theui h prnt^etl a wido tobv Jf, throuf^b the utUiT 

tw tnbu O, dra»D out to n points vt hole, 1^ or % lUwa Eu ili^tu- 
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eter, is bored in the aide of the tube A, into which is cemented IL 
tube ab c, not orer 1 line Id diameter, beat like a siphoa. The bi 
c IS coDvenient but not at alt neocBB&ry. If the tnbe a & c be | 
filled with nater, it will rise Id the tnbe by blowing in at the nftrrow 
C, and fall wheo the blast is in the oppOBit« direction* The moat dfi 
position is soaght by moring the tabes back and forward, for i 
reason they abonld not be cemented. 

The experiment may be still futher Taried, by laying a few bm 
uoals in a fnunel-sbaped expansion of the tabe a b c, and blowlog thi 
the narrow tnbe : a good draught will be cre^d over the coals. 
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^avOB In watOr,— It in ntxaisaary bere U> rcoalJ obser- 
«1tt£4i might ofr^n Ut* Tuntle, fn rc6|ioct to tfto Flmpli'Jit f>TicTiaEii> 
ctuk. Put lliLi^ jiuqioM! Ik hrgo in]} fillpil witfa iTiiti:r U urif^U. inlu 
Which A <lrop of I'liUr U let full from a pij«U«, U» ftbow lli-J trlTcct of n 
'Itigt* drop, and ;ben MrT«ra] dropt, oti the iiuD« spot, at rof^ulor mEcr^&K 
to form n icpiItTm nf wiitrk. Tn lh<< mmc mnTmrr tiro vjrsitems uf vravifi 
*fO Creiteil. uIi'L-ip cenlCTi are al mime Uiilmict; jpiirl, lo bIiott tho fulor- 
''^Pettcft of lUu In-o tjJitoiOB- Fiaftlly. Iho ivllcclion i>f lh«j wanri by thu 
side* of tbe tub, or bj a bonrd p!ace-^l In It, h cxliflittcd- Dj jiliKrlEiif Iii 
^0 ti^ & bom\l wjiU & »ltt na inch wiJt* tlit; binding of lltu waves iuil,t 
»Uo be «UWD, 

MoUor^ «tTobo(f^pkC ^lUkii, and Whcatrtono^E apporata^, at [mprav«] 
PJ BlM-nlobr, aN very vrtW ailA|ileiI (■> oxhiblt tbeiu. ami tilt olWr |iho- 
''OiQccift of umlUaUoiL Tlie Utter i< rath«r expcii>lire; but baa tbc 
'MlPAiiuif^g tliat tbo pbcftomcnn cnc bo 'hovra to tbc vholi^ AQilieni^o at 
'U<^, The foIlovSng ap|iAnitU!t caa catity be mudc uii>«here- I^i^;. 97S 




>Wft an a^ zuadt cf boot wira, lomlnatLDg at oLe cud iti & ii^rew^ on 
[<^h ihc vctodcti ball a in ncron'od. which i^arrioji in tarn a lnrK<^ Rlaai 
ft on a tl«tid«r viEr? Th« ctbor «nd forraiu niiicb- Tvo iUoaltlen 
»tdvr«d \o ttjo aa[s preri^ni It from alippii]^' abuu^ Abtrut Ivruut; 
iHrti^ irilhoiit ilio ahoLildcn o o Of the wtnck and aXtoat half ta 
s are fix«d in ibo Ic-x J, ^g. 27C, whS<.'b fumuhoi a coinmgu lupport 
^11. Ibe axK Qg. 3T'> b^lng [ilactd in ib« ruMilfL' Tb« ^1dt■>t L>r the 
raadc in titc pJCcvs, aa nhon-n br tbc dgttcd Wnz, and ibc wirca aru 

(163) 
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IkIiI in tlidr pliu-n< IxtTorn ptittfn)^ Ibct [itwtfjc logelher, tbo knolii Mai^^ 
all OD the ^6100 aide. Tho crarta/ of All ihcRo ^rircs ^ro now cooMetc^^A 

bf tliobikr«,Gg.S76,«l 
Pis?' ST0. coii«[[cUoriwourl|iBitDli 

by Acfvwft, a^ tliftt nil 
axcK cnn be tumcfl br ^i_,j 
motion (jf ono wlTich. Th r. ^ 
kEicil>«i a are now Uiivu..=aid 
qntil the gloH bud) !f 

(Kna^ the pcwilloflut flO^^^D 

for ft wjtH^wuion of iirtl'*"^^© 
in fig, 2*1. 

Tho foliowing U a prH — ^^ 

(■xporimmt tm Uie BeOt^*::;' 

liijii and iuWrfcreuL-tf r^ ^ 

WuTCs of LiqimU : makc^ & 

Croufch of womI or pu^cr-^K- 

3 or I [nvhoB long, with *lliinical bWcb, If It bo of wooJ. cot :^*^in 

dlipticol bolu tlirougti ft piccv of hitrd vond, Ami slu« a bi>UoD oo .^^t. 
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Fill tbe trooffh vjih mercury, and l*t drops of merourj felt from aplp«'«-"**' 
on OQD uf Ibe foci : lb« vavn reflected ttow tbc sido» viD Interfere w£ *>^ 
.tiio dfreot waves nnd form & little dovfttion nt the olber focu*, Jt U «■ ^t*^ 
to hftfe the pip«lt(f ffisttfii>-it rn iomc i^ay OT«r tbc< rocna, 1q onler lo ^ ^^ 
Uio dro|»a fall witb bcUer ftfm, 

[124j WavcW of a rOpO,— Tht? rope QAcd for th\it pnrpow «hoc»^^ 
be lU louff fLH tliu rouia ulfo\i'tf, arvl nol loo thlok: for u tunf^liof !^0 T^^^r?*^ 
J of nn tnrh U tblr^k rnonf^h ^ [L miiEL, nhoV€ nil, ho tbtj soft, and, ihw ^'^ 
fore, whfin a niiiiublc uld rojH? caimol bv ubljiiii<*d, the i^rw one iim»t *^^* 
rollud up uTid bcatoEi wltb a wooden nialJot *jn o Mock unUl it U qa^ ^'^ 
(oft. Onw end of thfl rcpc Iq fnElcucd to thtt wull, nnd iho oUk«r «ud b^ '^ 
3.\ark iu llie baud- A Immniilal jerk proUucTn u wavf, varying ia l«n^-"*-* 
nith tho ox1«tit oitd ropIdiEv of Ibo jerk. wLicb ruiia t> the olbcr ox^ '* 
thero rodcotcd bur-k to tbc band^ nnd thii ik rcpontcd oaco or trice ■fr'*-'' 
docTV««ln)r IriLL^unit^ 

IS* continuing to move tic band, It h vtny lu form a Mici^cudoQ ^ 
wa^es (*r ^avh leugtb that tbt^ wi!l be aliiiuti pnrtu of tLf wUolo UnflC'*^ 
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and the nttci^ wavec wJII tb«k coIdc14» irilh ihe Kitern«[|fD^ 

135] Nodes of yibration in bars. — futhoboMflTdMcribeilia 
I ofth^ >iiooT^i>(liii^' punf^upJiK, Tixft bar of «iralghi-gnin«d plnowood, 

k tfdc Kith niod, plodna' Ui^; fiuiEcr at nlmiit (fitc ihiM ihc length of 
bjt uid drcvin;; a Tioliii bow in a vL-rticiil dirflf^ou over tho bar 
Elhe flower, wiih B moilon toward \he holdvr, a noiJo of ribmiion mar 

E] Nodes of vibration in strings. — Than nn txhihtitd 
manoehord. to bo licaoribcd |ir«aoDtlf. Core iDU«t 1w Uk«& 
EC thv (tiipv cf Tinpfir whlnh 11^ on th« nodftl |M>[ntK reiy 
tow; Ibuy may ftlio tw cjf a diffrrrDt color from the rcrt, Fig, 2T8 
iM aocfa A ritJcr of tbv notoral hiKt?^ Tbd doi^o of tentlon of tbo 
fng jji JadJir«r«Dt, if It otly pv^ a nouitd, and th« brid^ cot 
ler il fiJrm « Uille ulcrnllon, lo tlmr the Mtnng prcKatv bu4 ^J/' ^8. 
a k TUo tibraUoii id bir^l pWuL-eU bj a tiuIId ho\t, m 
I «tt near tbg bridK^', and tiravn ot right onglas to tbo Aj 

;iST] Nodal points on surfiuses. Sound-figui^ii. — In 

Betiaic pnnci-j i^f ^bi^ fir Lhif> }jiirvv&e,choo0c clcnr gla^,^ r>f imiform thick- 

« tboiil cqoal to thut of ordmarf wtodoir glass. Wbeii it >> tbi<>ki;r it 

wt 10 easy to iiiyHlu<-<? nj)U|>lk-Ht(*d n^rML Tbe al/v is ludifftTUiit, but 

14 dtttcall to obtain coTJk|jl[catcd fiiCQfce wEtb amalJ ihanvs. aud hir^c 

M bre^ic eiuily: 1 to 3 tJocimctcrs tqnaro is d f^ood ni^tn. Thn nharp 

CM miut Ire robbed off t>n & grfndftlone. The opparatua tg. 2VJ U 

7fODTe«leiit for holding Ihr ]ilnlni; it 

Ktodfl of iron or iome totifrh wood. Tiio 

U knob a nnd iho roanJ end of t[Lt» 

nr arr roTeri?d viTh Ihick hnrkthln It 

Ihoipcd on tftlilc bj' tho i^crcw t. The 

WioiiB ^bonld he frcdiEctd with u 

Boucello bow. lb« vioHo liow i^ loo 

ttk; \iU suvtchthl tiglit anil well nibbed 

b rofdn. 

To produce ony gkeu aouujligiiroj 

up tbe piin4 of |rlnji9 nl arro^qin^ point 

fc nodal Iinu3 bi:lwci-EL a and ^j, j.trr^iv 

nvfacQ wiib fine awiii bold the lip of the fin^rer cd a point of the 
jloM near th* point of flt[aciim«nl, to wUtrh n branch of a 
A rvn, Juid dnw the buw vuTltrally downward iuraR& a part 
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lOf th« »dgo nVre tlie glxi miut faave Tni>xt inotton, "^e rtroS^wM 

WriiinFC'fncd \* beat for tlic purpirKc^ A Cf^re diffcrvDt front lb«1 

touglil ivill ortvn bu j^rodni'^d; thifl di-ptMitlt ufion tho Ttrisble «<lBBIIclt} 

Fof lb< gInsH 111 <t1fTrn-nl rlin*rllnn«, Jf il <tori: ant ieiktipiiiI with tlio Ihm 

p|Kimti choMD, tfj othfTS- For Ihc ptirji^icA of initractiDQ it itt, bofrercr 

ffDlficknt to ahov Uio perp^adlcuUtrifidthu oblique crou on iLiqiunpWe 

Bfid lU«i crom And «lx>]K)lTii«>d star on n round dtflk. Mid ihpM Midom fall 

For n[] oT thtru^ r.bn {iljilr ieild^I. I^t^ bcLl Liy tbo imiMIc, tlic Gug^r held 01 

011*^ \mb of Ihc ligarc, anJ llic bow ilrawii ucrcss iln- cdg* bc*itt<r» tw< 

Miub<~-th»t Js, for tbo rcrtl^nl oroea on n «qiianj pLai<^ n«ar ono ^ovuei 

AftiT tuL-h cxprrlmoDt, ih« bTnthcr whif^h j-qvits ibti tr»>!ii « iii^d /> nn* 

bv I'firvfullv fired rrom und, utht;riAJw a F^i" uf aimd mny he furceU iuA 

tbo f^hf^ hj tli« prfv^ure of tho tcrow, ivid ttieii the g}af^ vtU br«4k wfcc 

tb(3 bow \i drtiwri aeroH U. Hat wiib every prm^mtion, glanM will oft« 

bij hnikcu iu IbiA way ; Iblx m »n imuiruMubb diClirullj irtlb ictasi, amt 

all (Ltc DiLtre .iQikoyinK uh«D it f« ilMEred* for ftii cipCfffi&Cftt to be mei 

tioned jiroj^flclly, to produce alwayn the nmn pitob. MMaI p1at«f 

tht^n^ruTt, bv iii]qai.-B(lIu(]iib1y Knpvrlor, if it wirn! not 4o difllcuU to pi 

. ibetu of tulerublj uiilfurui uU^ilcltj^ Coui)*licii«d fi^arta. which 

Flo bigh note*, nro cwly ohuiocd ^th a flot plntc of bitMik but -^ 

nrnplci oiuM ni>t to cuiilj. Thtf dORirvU result i« moit curlj mUbiuocX 

ihe folIowfEif^ wttj- hhve n brfi«sp)aie abotit I to 11 [nEllhurttrH thick ^ 

€ or H tnchc« nu ft *ida boalcn flot nhU a wooden Immmcr, fll^ It »qusBJ 

lAnd keep it a utiiform iifd bvat fL>r S or 10 miiLDtes in a boap of ^00 

fcrlAkl; fanned. After cooll^tg slowly. polUh It flm wfih pamtce^Aotf 

mill wnkr, and nftfrward* with a piece of bccirhwood churtwnl and *■* 

If tho brus be good, the plat^ trusted in lliia vraj wiH slvftft s^^llB 

nro cro«»8, 4 

I Ti] rnndnr ihc nodnl lin^i iif Itcll^ihEiTH-rt] l^odlM tIeHiIp, nny wtdo gbstf 

rCjliiidcr will nufliv^r, or even u tbiu'^dgcd tumbler. Fill It kUf fiall oT 

L-Vutfr. and draw » wciJl^roaujcd violiu bon^ ooroF* tbo •dgD; hoEdmg tb^ 

gksBfiut If noTMmry by iwo fln^rt ncur ih(T hoituin 

[las] Propagation of »ouud in tubes.— Tub*-* of 
perchD, pL^TuLiorly adapted for this pnrpo&c, nay now bo oblaiucd of aajr 
lon^th. 

[UQ] Rl^floCtlOtl Ot SOimd. — A t'cmcuKC minor d«ilgiii<d Ibrihe 
L tcllocliojL of bout luiiy Ui used 10 ih<;£t! e^ptrnmenlf. A wat/rh held in the 
loriu eta be hc^ni »l a cotiaidcrobU dl^taiicCj vboQ OTOrythiDi; Around u 
latLII. 

[UO] The theory of the organ pipe >s illustrated moit 



ji 



J 



niT8TCAL BXPERIMESTATTOT. 



L 



d«flrl7 bj tD«aiki t>T Prof^fsor Hlttlor^ irAv«*dt«k^ They, Qiid tbt^ kto* 
bc«CopFo diKki ill ^'Vnvml. sliould tw held I| In S feet fruiri iIil* mirror. 
Tbeir c^turtrociion U <<xjk]iUnc4 Id 5 K1, Bar. SCJ. 

[HI] £Xp0rlmcnt8 with pipOB.— a vrhoto (»o1nT« of wootlcn 
ji^iM m%j «ull; tc liar] frr:ini Kn nrg&n-liallder. A MTi>im uiih a irlnil' 
dwflt to Hx tbo pipes into U coDvciJcti(i but not fioccasarf; if ooe U 
pivcb«««d,)t ihonld tiv nmncrod for obont 13pipos,i&tid hftro keys. Into 
«o» fa Ituetted n pliig, lik^ (ig, S^O, tb9 head of wlildi [a ooverad wUh 
letttlicr Oft Uid fidvf, bat nol on ibe biwr, for cxp^rlmrnu on 
clotted pipeft. Thfi ileptliA (■> wliich thi» phg muvt Ijc piuthcd ^'S'- *^^ 
Jo to produce tbe voHoas notei or a whole oolnvv, aad «aeh 
oClii?n fc* miv bf rvqalrvdr nbaulr! bo miirkecl <m [ic ttirni, Fof 
tbc iJOfposc of almwing ihe UL»di?fi of tibmtioiiH or ratlitT the 
WTATOi b^tvoun lb<inj, Jo siich a pj^kc, holte moy bo bored ^»'llh 
» ccaUf'falt. about 3 or :t Iixcm in diamctct <iiiil proridcd with 
k.«ji. Thi»« ktja ure eaiilj mode of a jfievn of wckjiI, out lu 
»bov^ (a ffj-, SSI. A i<[c«e uf sbcepsklu n gluui lo the 
l^Ottom of tbo boy and th«? projoc^ting end /> of Ibid leather 
tajttfQMl to tlie plp^ vEth tbe fle»h Mt downurard ; a vira 
■ptiDg c flvrrea to prcui tbo hcjr a^altial tbe 0|>V[lil]^^ Tttu 
bolc« iDiiy ohfo bo Hofod with nio^plc «lidc^ bnt tbi« rtqiiircs 
tnryrtf iccorale workmaofthip. T[ii> alTOpkit wny ii to rJn^? 
tboinwlth tho f ngen, but tben tbo pipe can be ufivd for noulln^r purpow:. 
■^d feirer hoica mart be roAdo. A pipe 

fur *tp»-Tiinwitfl of tbia kitid muBl he '^- ^*'' 

'^**i*ipi*mWelj long. olhervls^ The wavw 
•^ not hua at cxoctlj tbo npnt fc- 
lutpod bj tboory , bcciwM the vibrfltions 
"> » pipO, tn which tho vlbrntioEiK of ihfl lip aio produced by a Email 
f^irptfti r»f ttfr mr not ro^nkr in^nr thn piuI. Tlii" pip« tniisl bw nl Iviut, 
^'^ ftcl in kiLfth- pour boles njay be bored m tbo same pipp. olc for 
^^ ^loae-l and aiioUii?r for the op«a ptpe, in tho propor plnent, acd two 
'**li«n»l point* notrorroBprndinjrtftskny MEy, for tbp purpose ofubowEng 
**>'* elfcrt in Ihii cft.*LU ntm, Tbr i>iiw muNt, howeyiT be do^ed, ut>i by a 
P^^>&bot br a paal«boflrd cnp. tra that the lengLH of tho tube will not bo 
'Utortd. Tho bo]« for tho open prpa tn mado in tho middlo of the I«af?tk 
*W tor it* eland plpo about J iliu kngtli f^om tbo bonom. 

[143] To tAiffW iliat Ibe pitch is not aflbclod by tlia ifdcrtttf of the 
^^piy t month'picoc may bo modo m xn fig. SS2, and pipect of wood, t^n. 
P^nritoud, etr., of ibe iaine alxi* and iGngtb, set on Tt; they wIM nil give 
thq same pitrli but not the aaae llrubre, T^^Ip^ dlffc^rrnco of aoand U Ktill 
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fCrcatcr wLen Uw iip ih mitde on tbu |)ieoD evt 4iD- Bat u lli« Ihlc^ow 

of Uie wood ai « ix^ u lui-^jtricd 'Rnr^,*' msLkfng lh« Inm dMper, wiaiiliu 

|iiec« tQu^i Ire »>1dLTi-n] oil vhon U»o pipe u fliAda of 

tin. Tbo iati'odiKUi^Ei uf ga« lulo tk4 biii1(|lsg nmlEM 

ll Trry tmtj to show tbc lafitwDcc of tbo kind ot f;M 

Uuwii thruLi^lj a |>Ijil\ oh UlC pitch- 11 in oolj 

nixtfiiArj io conned the pipe wiib ft gM baracr, I7 
aoAOfl or AQ i&dio-robbQr tobp, to obtAia o unirocv 
tone, nbniit one «rc<oiid blghtT tlinu tuiuJ- VTIIh 
iiarrow piju-a ihfl expeiEuivui suLX'ueJs wbcu tbc jfu 
hof A prr^urc oalj cqa^l V> 1 ccntla«tcr of water. 

To umbf Savart** f Epcr[iu«»i, Sd wUota ^npKilMtlr 
DoIi!« are produced In a tuba bj th« ilcJnlt; (T ■ 
HOUndinfT bmlf, ihe f^llgwing imajftmonl ih bot 
Adapted; Muk« ttru vab««, about ^ or 4 inc-bo* in 
illmnfllpr, of ]i«fit«hoHnl, »a lU t^ vlUle into oue 
an^tliar, the larger of wbich 11 prorfdod vriih a bottOtt. 
Jlark ft soaJo od tho harruwr;na60r on nbiirh tbo leu^ib of tbtt pipo ean lM 
,,refld oET directly. Solet^t a glsAi ijelJ giving a mthcr deep Koiiti4, and 
iletenninc ibt pitch by companng it willt n piunu, xo aA la liu abl« tu 
calculaio iho c^rrcdponiiu;? length of tli^ pipe bxcseoning tbo nnai^i 
of tibratlonH of ik lU 441V ^nd binding the velocity of tbo propaifaiioa of 
■aoufii) b/ Lha tt!(t'L'nu>iii<(l unnilicr uf vibralionK, b order to obtain lb 
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l«Qgth of the wave, tbe fourUi part of ttbicU b ibe reqoird 
lenxtUofiho closed plpon Tbotooo of ^c bdl ilioiild fill 
«*ithia the minor oeiatQ, Tor vitb bigb nolc« the rcmU ii 
wry douLtfhh A^uuitL titty \rttt»l wblcb la uotloo imrrov 
can t>c moiielori^boiiudmoreoirlcnvlthataning-forki it 
aueecedi be«t vitb uno about 1 ioeb^ deep buU i to i 
hi'ho* wMp The ^(T'-ct la far greater with jWp lonea. 
W1ji-» tbv It^n^lL of iho ittbot h arranged. pLoce Ibcia up- 
risbtcm the tabic, bo)d the bdi bj^Uie kaobv aud draw tbe 
hov i^ro&i it HO ai tj produce tu deepest tone; ihi< wU! 
often be trM f[i Tftbi, but nnci< iiblfilntiiV ^1 ^''i* b« ciij<fi)i 
repeated. Hold the Hide of tbe vibratiaf; bell olooe to the 
moatb of llio t^tbd. 

[143] The Chemical harmonica.— For tbe « 
ptticr'ret um; u niJehDlUrmed lla^k, cu aoen bi fig. 26$ 
i[Lt'> wbi^-h a bntf cork, pierced vltli tvo holM, du tlgMr 
Fit two glasa lubvi if C tightlj into Ihete bolOE, vitbot 
jiax. Pruvoat tbe tube B lost point, iq sate ic^us Oktl 



* Hufr (>])«ohff; C tniwl he l>riil hiUt ilip uliafM! of a uifc-tf labe, TIht 
funnel Ml the end id tisvtal io ialrmiucf* frisb itcid inlo IliQ fluk wilhout 
^k^lkifC out lh« cork- ruttn xinr, or iron tilfnK^^.UMjfmlphoHcaoid diluted 
^tl fc fonr tbtitt its tr^-ij^ht of n'nler To evoh'o b/tlro^n, aJul ttljeu llie 
**oliiiiou in fniiii? un briftU/ lei tlm flaal hUhU fur 10 mitsutes tooJIow 
tlio vmpubidD of oil ftlmotpbcrjc air ftotl osplo^ivc mi^iuirc Ucforn lifibtin^r 
"*^ £u ifminff from B. For Kr^nlcr *»ftMy, the flank tUodd be wi-iip[Wil 
^^trli B itroDf^ clolh (wfore llgMing the goa. TiiB lower end of A sfiould 
^^^ Out oiT obliqadx, ao that the drops of condi^oKd water vr!l] fall olT more 

'X'lifrjet QEut be of con^dornblo Ictigtb, bod tbtf tiibe« r&Iaf^rl anri tiTink 
"itil ihu load, ikod nujtliln^ Ijot ijrrwjuW, mund f* pn>^3ncci Tubeiicf 
^■^Tioai IcQKtfas Ri^ tonodH of difcrcot pitch, 

Ci4i] Hopkms' oxpcrimont to show tho nodes of 

^^brution. — I's^t'-n a xwhi', Ij lo :! ini'hi** wtde ami •lUt \ A-rt kmg, 
^^ the pcrpcudkaldT part nf a Kreir>elninpr t,tkA Ktcw it to » tikbltf. A 
Eln«e p'Ato VL'ouM ansffw very woil Tor tbo i-it>roUDg plate, but on ficoonot 
or t||« ft'a^ltt; of ^tu«, a brnM pktn 1e prvfbrabto, bpefttiso It In ncc(f«(niy 
^'^'*'«yii loiirodLiciatbuMini: tone, Tlir pUti^ qi^ciIh no pjpi^dftl prcjiuniLion. 
''^■Mitcn k bf the cenlor ij^ lUe holder, fig, 213, iiUce it immedlatdy uuder 
^« tube, and ondvavor, bj holding tbe flngOT mi drowirg ih« b<jw nl 
dlOercQt jioiiiii, til prodaen il mthor slinplij «ound-ligurfl- Fi^. 2*^4 sbriwn 
"^o afT&P(p;itieut of Uic "hole upparfttua. The rifci[jrocal ftctiuii of Ibc 
^^b« on the plato indnc^^ in It much mora rcodilj a tone com u pond ins: 
"^o ihc iiibr: and H will be known nt oTji?n, from U»c inirrifiitj of Iho tone, 
*^l»cilicr ibe air iu iLc iiifjiT iii Kcjumlint; Jii mtifuiL- IfLLviit^ onm iibUiin«Ll 

* tifctirc, fluch ihal a diviaioa of it corrcapdadlng to Iho cd^ of tho plalfl 

^v Aboat oqnl to tbo diainotor of the tnbo, nmrk nn Uio plnlo tbo pipoU 

^■l**n» the flngLT wu< huW aud lT)« bgv drwrn, for, on account of tiiw 

^^^<|ual ritttii'Itif of ibu iuuIa], it jh nt'lduiu lliiil any t^thtfr polnla i:iui be 

'^l^ctcd ii^ place of them. The tube ratint then bo placed (vl a distnncc 

or ^ to L Uw abovo ai lur^< a ditikion of lUe Rgare qm puiaibW : <jiic utrur 

*«c cdgu UbiwL [lulead cf the IKIla frifiie li^ndlv fi^'tired tavrral witli 

'^ tbla nembraue, it u bciici lo take o mclftl bopp about 1 <:ir ^ IIdgs 

"^K^ad and hair ^ great iu diixraeter u tho tnbe, and cover it with rerj fino 

l»^p«r h ihe fiume way fia bi sirok-blii^f paper on a drawTof^ boanL TbJa 

^■"^ liw ailvanli4fo thatn ihe taiid doi-h not ullile off contlniiiJIj 88 \l do<^8 

^^ 1'bc sqQuri: from<^, A difference in tcniH&Q of thi) pnper eccordias to the 

ptti I] i4 ,iol at alt neceworj, if it werw pfacUcablu, ^uepeod IWa by throe 

"^'^Uyi nailing in iim?, ftnd paaa ihe string j>ver the upper edge of ibe 

^^t^ lUch u eoatod witlj paper, »o that tbe frt^me may be kcp^ at any 
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h^Tght hj a vaiminr^mUrt nrlffht If n Kptcbl bnldrr fof the tnh* b 
dcKlrcd for the nakc of contcniQai^?* Uic one figared in ilg. 3^5 u lorj 
good; it i« miide of wood. 



JVftdSL 




Now seek for Ibi* i>0!tjlin(i ni lljn riilic In whl^li f.ltn fcniiil fs iht 
ICMt affU&UU wheu tin; bow is -irawn acTcsa tJtc yhit. UftTing foo""' 
two *acb po«iliotis approidtiiatol?, It will tw omj to deface from ib^i^ 
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m 



Mpprcprfote dbtutc« nnd the lcn;(th of (hn tnbr, ihvir imp diKtanco Apart, 

ki£» ^th of tho tab«, so that iho hi^htvit Ai^d loirvM kiioti muHt \\d at lutlf 
<hi^ tatcrroJ h^m tho #ml cr 1h« tobe. Aft ioon nt the coiTcctno9» of 
tlic?»94 po«itU>n4 It verifivO hj ti^orxtmani, aiflrk Ibc-m, hj paKUnfi^ »ljp« of 
P^Lp«r opfWfJtB them, «o ai to be ablv to eiliiljit tiuk^kl/ iLu tlirrt^imiL-u In 
iho motion or th« Med accordinff t^ the froQC ti en n nodal point or ft^ 
^>^v^ To tliOK ibe «aDi« thin^ with & cloittd pjpe, moke t pojicboft! 
^^b<i tlosBd at CMie «ncl. us Icug In the civar m Ihe kurvul b<*m<t'eri 
^<><1««, Hud Just wiiJit vQouffh IoHk^vct the |i:tn»s(ub& Moke n litilo hij1< 
^^ trlio middle of the bottom, ond ilrcv the ntnajf throupU It. If iha cap 
'^^ put on tL« glofti tube BO ihtti 3U lower ci.i^'^ rencbn th6 but nodj 
points it,-, tvlnjle Icngllt of Uie IuIhj \h luifvn^^d lij lialf a wave longtfa,' 
'^^cl ike Mii<i iu the fmicic will ^hnn Iho hnotx Mill in thc^ uoic pUct : the 
Kno^oa orthttBapd iti Ihc «iiT»;e will even bo livelier thau boforc. If the 
dvp be nili«d or depreaterl n lllflc^ the lone vUl hccome weaker and ihe 
*tttiTl wiM »r-mTi"ly move itt all 

'X^hc Icnrcth of tiic UW oiiij be foqad from tho nodal [atorral, and the 
pitch deduced approiimalelj from thle by ukkiLg A ^^ iiO vibrailocev ^nd 
*bii« compitred ngah with thr pfnnr> nr mnnnphofd Althon^fh ihh In not 
^'^iliibtc for cl&M ioslniction, it ia goo<l prartit^o for one mho njunt ytodj 
^^eae iluDj^ doMlj> Tlia tumt cxperimoiit maybe related vilh varLoaB 
v^otcM ff'oia tbft pl&t9> k ordtr to attain tho rcTCjalnlto dext«rfty aod 
^OPtalniy- 

r^^] ThO Slreil. — if the siren has au iuiJe^^ it may be conupctcd 
*^i*li the bfrllowi I'^f th<< MrtBt-lfllil*, W ftrthstllnling a Ij9al gJode lobe for 
^c hfasic ofifl, nnil cunnrft^nff thia wfth the tube oftho riren, A tecond* 
Pondtitum mriy hr. ujwiI tc» iup&iuic ihn titoc- Tbt pitrh of the 9,'nvxi inny 
^*^ ftltCTi'd and EiutDluiiiod at ploasiir^-, by chaupn^ the wotghu on the 
■^^^lofrt, Tli« r*ftl riren han two dlgkB rorolving odo abov* tho cithor, 
*'><i thp toiind It prmlucod lij Hit* joint efTrct ofiiumprim* lioh-n, ty whu:h 
"*^tXiiif eitu tlio E<j* nuie* bet'omi* clpur When only ouc tube blijvrj 
***f*^iiibt the opoTturr^s hi a whcijl, the Idw notee an? indistinct, nnd oro 
*^U<3*wi ifiaiirtil>l« hy Iho nnavoidatlo hitainff. Any ixna will gite high 
f****i<si dint^rit'lly wjJHgh- Thi? whirling niiurhhic may by raudti lo seire 
^***<*il of a real Urtu, Scrcv upon the asia of the 
'^•^^hioo tlio block o c, fl^. i'S«, which haa a woodon 
^^•?w ftboro, over whii?li dlnkn of pnKtebonrd may be 
j^ *l>pwl, and kept Jowu by n woudeii burr b it. The 
- ^Uboird dhka n«i«l be Tcry cvon ftml perforated vith 
**^«i kbont a Uae in diameter, at rcgnUr inlortuh ceor the cifcumfijpeace. 
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The Lolcs taft^ he ro«dc vlth oa ordlcATj punch. A wco&d Md 

TOv of hoU'M mi7 l>c pDnch^i la tbo Hurue cliBk?; Tind tbv tnunvls «! 

Bood A «;oQl win\ iia in Dic. 3ST, uud Gjc Ute cidiup 6 !> ^ on Ike akl« 
tbc Imu&c board, «i> that a inl^ itand dJrcctij oTor tho row of li^lca; fuUii 
tbe ljLi>^v*pi]>o 10 tTifft ID Eu to cDQic UB iif>ar to iho dixk ii potjdbto wiUiOOl 
toucLlui( it. Th\' Uafi(-^ijM tjjjij Im n wLdf.* liii IuLjl' utlEi u Cue Uolo 
tiJfl bottom. «r n iclaii ti^o dr»iro out to a point. In elthcT cm* o noal 
pfwe ur glQjiii U fitted to it by a Ocviblu cotmoctor. A itrooff Moil n^ 
Iwliig rrqutrcd, li. h gt^nomJIj prodaoed J:ij tlie tnouilk, niid the 
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tumod moK uud more nvpidly aotil tbo dcririH) pitch is aUaia«d< Wil 
4 heavy drivlng^vhwl the pEieh tuthy eaiUy be niHinc^Iccd long enough 
ohMTTft with Ibe 9ccou^i |>«ii dill mil. Ijow inA.ny rcxolutEon^ thn driv! 
wh*cl tnakcK in & i^coodn From the ratic of tbUwhcol Vj the pnllt 
and the- number of holo« in tbo di«ki, it ii «jur to oaloulato Ibo cniDhi 
of ribretioot i.-oTre»[>ondii]g t<> the pitch. Tbd cxporlmont nhonlrl be mad«' 

Unlova the drinnfc-wh««l 1>c hca^f, a low note eoncot hv luamtatni 
DLironalf, tMit high oaoi muy ovon ihlih a ligbt vhciel, 

Tlic iippvr purl of tlir^ lienl wire uili^bL lir Unfjkhtd nh in tig. Sft8w 

A vth>^*i\ H itii «1iarp Uclb may be fixed concDutricidly on Che nxh 
the whirling auchiM^ and madv to atriko ognin^ a card held &in 
pamlkl t^ tbe Murfaco of t^io loetli, proiiutln^ a mtiidi^a] t^no, 

[lin] The monochord, — Tbi: numoebord coii!iltiC»orartctaiigi]< 
Iftr fraiuo J ^ C. (^g. iSfl. n:udo of stroug burd wood, with aeoQuding— ^ 
boafd of fttraif^ht^L^uin<*d piti-! frv^ from knots. tviohtidgHaa,bb 
partly <in the soQDdiog-boan} vi\ih Ihclr p«q>endkiilar side townrd 
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ird Ih L<utt(^t) wiT^h xtMie yn\wr. Two Ft«p1 plsno wlret 
i9fte cud to alautiu^ \t\ai c c, and oDe of tkom ttrctcbed bf 

i'#5, 289. 
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ttB<; v^f^ i/, tbo Other by a wetfrlit workiuj; ovtr a ptiUoy. The aonndlnx' 

kpo «»! iniisit bo very (fvtfa, so thnt cvrty pomt of the itriii^ will l*ff •<|aaUy 

fllsUntfrom El hi ortltT to rf^siLHi^t llio vitiruikm to a^ifva pun of tlie 

aC-vnotE. il cduai bo licCii bjr a bridge wliich will nol alt«r the ioii«Ion, Tbl« 

la cftiilj rnndi^ by ukinjc tvo pI«cou of hAtt] vto^mI with itharp proj^ctJafc 

o^ £^«. «oT«riQ^ Tbvni □□ the inner kMc witb leatber. artd liuteaEnfr tbem 

to0Otb«r b/ ft leulhtfr hjcgu. The luwur tinv muhl ]jrQJecl comewbal aud 

httva a mnik dftwc rw>m ihe sharp oltp? perpendicular lo the baw, fig. dIK); 

^Innftft forvgitoplooe thoodfcoof tbcbndfco 

i1trrr;]yi)voradiviiiioQOf tbomonochord- Th* 

L*Ppfr pliM^n IS ttivii Kbal Jowij trid Ijcld by tho 
^"■g^r. Of & jtn&ll wflEglil. The iirins b Iho-i 
lirtil &M vUbonl injury, aod ib^ wj^ t*r tbo 
•^''i^ pTfJvenlwl fromrlbrflliuj^. Jf boib pnfW 
**• to lihniH, n nimpta brU!?^^ blco dg. ^ftl U 
*^* Under iho rtrfnc which altrts ite tooatoii 
•"^m^wbftt; batlhiHia of no imp<>rtftiicc In 1bE» 
•••©, tljr only ubJn-L being ta *boff ihfl nodM 
"f ^il>ralion. 

l^*<>r this piiTpoftC a Imft J* drawn tm^tx iht eitriiip, 

*«tpH i* ilreWhtfd oo a pin, ftnd dipidwJ Into tblrdfl, 

''^<)nli«, ftnd fiftliA Stt l1i<^ trhirk rt of (he hrldjM, flff. ^91, 

^^ ODC of Ihfse lla«. biiij(f IJtlln jKipi-r ri<icrs on the 

**"^, and «t ilia TibrsUoriH with liioflhgcT or violin bow. 
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Til? monockard n>ty ha uicil ui sIiom- thai lUe numlicr of titmliou ii 
iuTvncljr a> the 1«dj^Ii of tbo JtriD^f- A lino in drawn uudor tJie iliing 
whioli U Htrotched by a iwciglit, and murkr<d witli dlvtabiu QorrMpoadlag 
tf> Llift nnTi>£ of Ihf <iriaTp^ at filiovn Irt Ii;;;. 3^9. Thfr MHng Is drawn 
tiglitlj- enough to giTfi A cTrrar note, vtth nhich the oihcr ttrinj; U inado 
(*> w*c&rd, Tbo tLtririf? matit be >Iij;htlj raiaod viih llie lm£«r> oo Ibftt 
the efTocI of the weight will not b« kfsencd bj friction oD lb* faridgtt- 
f^'l thn l)nc1)^P, ng, StU. on the pru|)flr diTliiaii, tlm ftpgrnrnt of tbi» «tTlii|^ 
nil] pvc CUc note required, vrbk-h may l« comprucd vrilU tbo kej>Tiot^ 
fj;Iv«u by ibe oUior etnii^, I 

Tlin mciLflcliord cud tddom lis iiRfid to «hov that the ni:iiib«r of Tfbn«_.-J 
tifrnft [& tirc|>urlui(i[J to ihir square rtjot of thv trrmoi], on MCDUDt of tW-^^ 
lonj^Llk uf \hi- Etrji]^* vrliioh >voulJ luuku u griMittir wi^igliL pcctuwj 
11^0 atriag could b«ar Bat hv tjiking tho weight* ^4:9, including 
weight of ihc book, the Mnng will give ihi? fifth, wlildi may be cotDpa 
nitti thv othci JilniigH prcviouHly luut-d to i\it Aumc jiitcb aa ibe »ui 
Kfitli the vmjht = i, 

T^ shov lh« e1f«ct of the ttiicknoc*, tlio dL«in4tarii of Lho «tf toga mart 
in n 8hiiiilr projiDrtton, und thvy luuit Lh< itruiiTlafi by irr|iml wrighU. Z 

will be rery hard lu find audi *triln^»- 

B^idoa these oipohmcntfv the mi>aochord la vory usofa! to tko phytUr S- ' 
fa studying tha mniiir'al {ntcrvaU, and many oilior point* In acoatli^^^ 
For thU purpoie tliu kai^Lli uf Uiu lumiJia^-lioHnl ihouid hv ttividtO h» 
ICfiO equal parU, anij marked uiidvr the wdi^EUod fctriiig for th« chm^^' 
noicn of th« octavQf arid all the tccondary ootos for ahorpa aiid flaia, q,.v^ ^ 
likwiie th? difltrf^t tenipt^ruiiiivii. Thi'Jir* dlvtilonM tuny b« dUtlug^idK ^^^ 
by liuL'i of diffsreui ivu^L» and by dIflfL*reikt L*olorB. Ererj oue r^^* 
wlflbca to clujjy tbi^ part i^f natural philosophy tltoroufhly should ll>e^<=^' 
fore tnalEO hh inociorbord oh coniplute oi pouiblc, 

[HT] Longitudinal vibratiOEiB.--Theh« arv oiukI coolly pr^'' 
duf'fd with a (^Iaa* UiI^c. aboat I ccniinicicr ta dlainfrtcr, hoM in tt^ 
middle vn lb tivu fingcrv, and out! half^eotlr mbU3dkDgthvidi(avitbadaK»r 
woolen olotb. Ai long as the glsi^^ mhe glvv!« a ooani, Itii moUt Mrfiw.'v 
will iocia ruCScd. A loow cork iutroducctl into th? rnd <^r tba Uibe T^*" 
move while the tvouTid cantmu^^ uud iuliaj)c« frraduolly ^owanl tJM 
middle- If wooden or metallk' rodb be used, ihv doTli miutbe atrvm 
with roidn, or a f^hort glau iidir mni^t bn eemonicHl in the rod, and tlj« 
nrfocc mbbed with » wet clolb. By Taryins the r</T«o of tbo tekti^ 
DOtoa of iliOerent pit^^h nay be produced, biii it doe« not «Qcc««d w«If 
9lth etery gltfti tube. Wooikn rod^ are rudly mode to aoand. Bf 
filing Into & lilrHTk four rodv of llr, iht lougesi 1} mclm long nud faryinf 
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from 6 or 8 to 6 or 6 luiUimetera in ibicknem, ibey uaj b« mode lo form 
iOff«tlicr ui ocooni, bj triauDing off tlic i-iuJk of the raolli^r unui, Cg, 2i»2^ 
Tbo cpp«r bilTof ih(» roils it rublirtl witli two Aiigen d1p|w>d In (lowdervd 

rH8] The tuning-fork, — Tuaing fork* of 

dVcrent plu-b max ^« E^aruliaMil at ttie rnuik ttoree. 

CI11MM Huvh aa ^Ive u civar loiia uvar a, ud a Aouaii- 

iaft'boBrd, iwd nmiDtaiii Jt for tome tim« vrithout 

rJai!i^> Twi>4r« tie«dfd; one Icoed uccuracelj to iL, 

Clic? otfarr HQ a« to pTodorA an Iniorfnronrn vrllh iha 

firat abtittt 4 timet in a Mfond, Thtj nrr tuncil bj 

^tiortttiiojr IfOtii kgs with a file wb«iL the \\i\c\k 

is loo lev, and fllStifp off iht^ liuido of the kg« urfacn 

■jfro liigh. Both k^ idupL bo made aa ncorljr alike 

Iv poifllbja. Tbo furlc !« made to vIbnUo oltbor bj 

Bt:^ribib^ on« proDfC gvotJ; agalast a board and raet- 

■ »K^ Itjr liandEc en a tabli? or li ^clU])di^^-ba^^d, or 

^3r drawtu^- a well^oslued bow acrv&a tbt.' ecids uf 

l>otJi proDga, or by etdkttij? thrm witli ti blUo woodoa haratncr with a 

*^>%rp odg* covorod villi leather; Ibc hiUer mutlu produocv u T«rj dfrZLr 

tu'J] Interference of the BOund-waveB. — To show th« 

**>t-crftrvncc cf ihc wnvtn <if tho two |iron^a of a tuning-fork, bold It whilo 
^ n jratln^, borixoDtally over & mimel 7 liii^he* high nnd 3 to i iudiea wUe. 
*^^d turn It tJcwI^r ou iU axis : durLa^ eucli revoliiUuii tbe suuud vilTl lo 
^<»«rd torlac and idnk four itmn^. The sajno obacrvatbTi Pciy he mndo 
^J^ nmplj rovolving ibu Turk non-r the L^ar- 

Th« palflatiurii <i jwiuhI |trijdu(-<^d }^y thv InittT^rftwe ot iwn tiiulcg- 

f<^t-lu» Ml ou Ibc «a(nc 40T]ui]bii:-br»ard> n tutio, or aa einplj boi, is most 

^^Iftet vbon iho proii]^ of both forks vibrate Ea tb^ tamo ^Innc. Tho 

^ni«1ett nelhod of bringing; two flcuoroiu bodiot Stto ]iorro« orropd Ib bj 

^^dienSng thaso pgWllon*. The ear alono h apt 10 decclrfi r« nlion the 

tccord is &carljr perfect, cupcclnllj nhcn the timbre of the two woxjtids h 

T«j difftrojit. 

To i»rml«ce tl»e< InUrfflrflnoe whlfh the k&^-noie makes wlih fw flflh^ 
Uk« ibc cloifii [ripo and place lie y\a^ «o tlat Iho pipe will be cxactij a 
fifth lower than auoib«r cpvix pipe; mark tho position of the ping ou its 
tendle for fclnre i> sport znenta. B^' ukiii^ the Iwo pipes belwe^a tbe lip* 
tail Mmilng vllh ihr mmc. foirr thriiiij(1i both, tbv^ n«tt lover oetava 
Mill be dUlinctly heard with tbc otbcr ootcn- It if, howetcr. not toAj to 
blov «itb tbo daiuo foree throujfh two pipes without the aid of a belJowa. 
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If a rorktid tubt^ Hko Gg. 2^, be iDach.' uT wood i>t itteUboonL wiUi loga 

Joe; aoagU to eJcUniL orer the 9orow & lu fi^, S1G, lo vlthJu Ulf a JIm 

oT tb« ^Iciw f Into fojitcnvrl in tlie clamj\ and tlw oppAT tnd 

of llii* ttilie be <;ort<rt<I ivilli Ui[:i pa|H!r -[frva wlUi aud, 

itie und vil) tra molii^alctt vlien tbu two cnda of tbe Xvhe 

010 hM OTcr t^o pnrti of the fcl<u^ mottii^ dilfonxit nr^jii 

Ltiil If lliQ tube he held or«r tiro pIiLO«fl nlkEc-h lira moTfiig 

Dpwnrd u[id downvan] tiijrethi'r, iiu-. uiiid tiiU b« Uriikljr 

ngiUtciL Tbt; latter is ttic oiui^ wbcQ Ihc tabc i« hold oro- 

/ A ^k t^o rllJigor;ftUy opposite Mjuar<» of a pnno of glue wl^ch 

/ ^r\ ^ gtriui thiT ifmpln rriifv, vhtir Uif? former r«!Milt Iv |troducvit 

I M 11''^ boMbj; tt urer tvrv attjoiiutig x^juAroi; 

'— ' — Tbo wad oa the |>ai>ct oflco t<fnaa & 4ouud-0gvra, wliieh 

hoK, hnwfiTcr, fto rHfitlon ir> tha anc b^k^r. To mflk« tbla figure ckw, 

iLv papt-r muni hv alretchvi on u tuii^ublo cup a />. w as tu «Ucr tin 

length of iUfi (ul>c ;m roquircd. 

flSOJ Tlia intorftrraicQ af tbs vaT««iBftllI hatt«rshoffa bjan ^pNi> 
ment of Hm^Mrbel'*. wliirh Ndrrcrabnrff hM rcp^-ntftl in ilio folkviitg 
rimpk muiaer: Tie talK *Uonu ia pro&Le aud fceeti<Mi ia Gg. 3^1 b uud« 

>^S. 294. 




of wood, oud i« built iuto a partition wall, vllhor cntircily or eo Oi^ to IcftT 
tiw grut^r part of the cn4 a fr«e. Tba soand prodoootl i^t a ditid^ 
the lilinqi nltn* *^ iHp inner parlitlun, nnd Hhiien agidu m ft. after traren^*^ 
ing thti nntctutti ftrra» c and cf . If the Icrgth of llio n-arc prodancg tb-^* 
toDo be dontJe the dllTeKDoe betwwn tlio two arme v and d, Ibc two 
of TlliratktniL «U1 hti half n n^ftre apart vben tbef «om« toar^llier, and »' 
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KHftTk^^ill he proituL*«t1 4L bi but the aouiid wilt luttaull^ becomti auitl- 
^b '^Abn ekber ftfna la dof4«l by « «lido Gilinjr acc^amu); in b, Wboo 
^* ^ich b m«od an cKrUvtf, tho two MU of v*td< will coniddc, ond thn 
MLknd vUl far lumJiT wht*n liotli arniti are 0[r«D. Tbe lw<> ojieritti^ ft itiid 
A ttii^l be b tivu tiitirelj ai^purato chambtfra, utberwbti lb« dirvcl ivu.vt< 
*ni intcrrcrv wtth tJic msalt 

The Kctand ia a U b«fti pr»dQC«d by an opeo pipe, tbe Ifrpgth of wbieb 
i* eqnal 10 the ^tfTerPiKe U\ Unt^ih bolvofirt the rwo ormK c and ff : tt must 
^ G««panai*c]j nancw ni> that tlic pUi^h cna caitil/ bo nUHcd bf n 
sironp^r blflflt; tlio tbinL octtra will tUon uflcu nnvw tb« iDte^f^.■^Bnol^ 
Tb*- &XM of Ibe pip« >ni1 tdie innar, rnlncld?. and tlj^lr nperlure^ hv 
^^^•c\)»T. Fi^ieii the plfc in this ponhinD. iidiI con^rct h nUb (hr 
^lk>v« bj ficxiUo tnbci and« tnuiil] titop^vck; it is«a«T to reflate the; 
bilnfll by m«aiM cf ibid ilop- 

cock BO that Uio soanil of ^- 296. 

th« |)ipo »ball b« fto»dil; 
^ftlDt^iu± If Uie bdJovA 
»ct lrr«giilar];. let tht b1a>t 
^tlU |i>u tUfnui^b a Inrj^o 
f)«aa tiottle^intb wbicb tb« 
pipe U ooQtieoM, ac <«<& 
^ Sg. S9b Witli Ibo i^d 
*^f Kiich a bottle and a long 
ll^stibldub*, a conslAnl tfino 
^^7 b« obtol&Bd vith 1b« 
■*«Uth; baithamoLuurftof 
^* breath apoLla anj pipe 
*^r a limp- 

A Torr flt«oilr bloAt mo; lj« mainUiiueiJ, Ao«c>rdtiig lo NOrr&nib«rfr, by 
^ arrangenmnt fif Uro Inr^ii KoitltE tik^ fl^, 39f;, tbti i]p]>nr ftcihy^ uh 
^ UanoU«*a voK vllb a lipbou. the lover hi^Tinff br^idc!! tlic^ piF>L' a 
*'*i*cil «itb a 8top-c*>ok. IT oiio bo8 do fiiiiiwl nvilh a etop-cock it ii 
•**7 10 taakn onr wllb a goftd c<>rtf n» ibown Iti lbs li^nf*, wbcrt the 
'^^ cork olooBi'v the UmfcUndmal oprnilfi^ ot ihi? ]iiri;B<r m[>ra or 
™^ Tin flow of va'cr* anr] {^uiiaf^qucntlr llii; prraauru of tbc air, U » 
'^Vvlaicd hj tho cook thni tb? pip? will st^v9 thn tono dedrod. and tbe 
*''*-t«il>e at Muriottt^'i \^tp m t^t ni mch a hfi^H (hat tlw futrnel h kvpt 
^^**3r« full. When Ibfj Ltppt^r botlU ia ciupliud, chnnifc the cork* and 
^^^r tiUK8, and Inkc the lL>wcr oac for iho upi^cr, whk'h U iho wt^rk 
"' * miment 

*^&|JeDrv nee«lei] in m»Lm^ »urb narrovr pipoi, Tdt It la not cvj to 




obuUi ihc» kbjr-ticite with Uicm: for tbU rvnum thvj hftd hfiAtv bir vi 
4f gluHi, MUiI ibv plujf uf wooJ or rvrk cuu tb«u b« «ker«d tinlll the R| 




adt« ti ob1«lDeH. TL^ noUli may be cut In th« tube tritb & tile &\ 
lUTp«iiiinc, nnd ttic tabcr ^IidiiIiI Iw cat olf JA lb« Mtna WBf, lo 

[l&l] The communication of Tibratlona Toaj be 
(inptj ouundini; ft clear uok, «]tb«r with lh« throftl cr n pi 
op«n piano, iho correspond ing ftCHng of ivhieh win Kko&d Id HDij 
expenmcftt I'jt mtde mocb more Etriklnir bv pouinj; ma iron wli 
or Z mSlUmoirta in thkkncia, tbrongb & MaalE bole from on« ft] 
•noib«r ran^t* cti<» ud plftdog ooe of lu roundwl vadt <»b II 



FBYSICAL BSr£Rl&ie>7TaTI0:V. 



n? 



'i>J OP Ibc piano »ill Iju hwrti »l the other ciiil of Ihc wire, more 
UtiiictJy occcnling to tho cxodIIcdcc of tho eouniiDf; board, but 
kmpvbvt nUvr^fl liound- 

uhvH o\it-u nt lioti) eniU anil provided with nctunrltn^^-linrtnlii, Hg. 
I'bich ntniicp^roriu of prccisolj the *ame piuh ure act* show tho 
movcnoa. If th« hcvf ba dffttm a^rou on« fi>rk< tho otber will 
anlioti, «Ten wh4-n nt Noino dUUnce, nble-h uaj bts pnfcrlrcd 
loctl? upoa vtoppiog Ibe othtr wltb tlie finger, 
/\£r. sat 






TbO organ of VOiCO* — Th« dmplt^it illoftrAtion of ibo 

«tiou of lJi« builiaii ^uimI ury;ttii. itt fui'ijislitj hy UlO U[h; ju»t iw 

dnoc varioM toticA lijr iliflcrcnt di^xrccs of loitsioD.e^.ffp fu bkwiu^ 
t, M ihtt io-callod Tocol cbord« «ct- To iliiialrato Uiin l>^ & tbin 
e, t(fi It piece of lTii]Ea*niliber viha arouriil ji ^hiss IiiLl'. fii^. 39S, 
ctt ont tlio i)d«« i^ith tb«} linHXTK lo a« to form a eiuijjlo Hiir, aud 
)itf^ it ; bj varying; tho Itimiion difiurent tono muy bi; pr<>i]iicccl. 
la «x)iibUlTig thf Mrmirliiro <if tbo organs of hearing, mud#1« of 
mh^ iwd ibe ear-boue« of a calf will ba foaud roflOoEoDt for erer/ 



CnXPTER IV. 



sxraamxirn os Ltcsr. 



(a.) 0^ THE lEANSMISSIOV AND IHTENSCTT OF IIOHT. 

[l&t] Tiiic K^iionil (li«c[iiipiion of the catiiro HiKi dintTibation of light 
rocUu Iillk M tvovL tiporiincTiu A Ftw duLtuUtoue, eoeh «a Kofl«otioD, 
KeifTOoiion, TrftiiftpftroncjH pI<? , mny hi* illiistralBil by ftxainpIofL 

Refaction is bcti nhdwa by a Kmittrniu railing ou a mirror iit a dork 
room, the dinction of thu retiuckd rtiy Mn^ node TUblft by Ibt lUunLiii' 
Ation of flo«llng |mrti(rlM of AavcU 

R^ifrw'iitm mny bn r^hlliitvd by kyliiFr a Jillvrr v.et\n on ihn bcittnm of tu 
ntuUlow rc«Ml, fig- 2011. po aa to br; jtint oQt of ntgbl, and iioaring water 
lEitu tbo vcaMi, wb<fli tlie cdId >fill appear in th« dlroction f i, 

Th4> triLntpar^nry of thin Itnlw 

iHeet of Uue tbinntiit goM'tval nbont li 
or 8 incbos sc|OQrc« or* » pono of arev 
giftjtt, covtir ft vfih iL(u>l}iur pi«co oC 
glui tbfl Hhtntf f£ic imd puU pApoa 
voond tbe tdfct* of tbe two pdecM^ 
To }aj the guld on BmooUily, bnMlMi 
on tho gliuta anJ Uy It on ft tb»«t «■ 
lCf>Id*b7Bf. and trim Uw edgM wtlh « 

ihorp hrift; veil cleaned on a piece of i«fttb«r, bj sicnply prcftdfif on tb^ 

vdgo raLber thuu dniwiagit along, 

Tbo Uw nf (hn i^lmlriillon nf Ught with the dlHTAnrfl tn>9^ do «lpcrfl 

mental ilentmiritrallon. It maj br i^htiwn appro ilmitcly by pWlrig 

cnndlca in a ri>w on n stund. arui compuriuf; tbcir light with that of 

-ringle candle of Ihe tunc klmt nt linir thd diidnnco. The oomp&riJoa 

br maib' eilhrr by ti}u(!rt{Tig tJm drirkunsi of thK Khoilonii Cflnl nn ii wbtt 

wall by aa inturr»ziing hody, or Irr tbii pbutomcter. 

The candltM mtKi All ho lak?n from lb« vami} piu^lcaga, and ri>i:ir of theff 

PfTungcd on rt vund in ii ^rrnlgbi Iftw with the photometer, at hi flg. BOtf 

eo aft to tikHJLiurfl from the? luiddh point. 
[15^1 The photomotor. — Amonf^ tfaevftHaiUKnoiMofeoTupflrbv 

Inteocitj aCthv tif^ht from tcro vourcea, tbo mo4t eoDTeni«at art Ritchie 
(180) 




rHimCAL JCXrSRJUCXTATlOS' 



pbotoiuttr. Mid the coaparjAoa of tlie de|>tb of tbe abndov^ Ritobie'i 
pbotonwt^r couHlm of ft hag box, A B, A B. G^. 301, bLftck«a«d Ibtom- 

Fig. 800. 





« 



^Uy. The ti^bt, paasiug Llurough tiro Mmlt'lrculu- opeDiu^ ju lbt> euiK 
V^^Ua apon* rccUnicdir pmoicf wood c^fort^rrii mth n-biic pnTii^r, pliLced 
«XaQUf in Um middle, aiiHjillumiii«fl both «Ld«8 ofil. Adrn^uUropunbg i« 
'^EM^dfl la \\\t top ^. two-thlrda i:f tlic width of ibo licji, anil si; ]ilui.-ei1 ihdt 
^t» ftdfe of l1i« priiin corrt?i>ot:(Iii li> tbe dmrnetcr of tbc opcniuff. TU« 
*pttttir> b oovered by a sbon, biwiicnod tulm M to «xdu'io oxtrnacuait 
U(5ht, wIlL ft traaU hol» for Iho ptc. The flppamiut mny be flieil by the 



*tc[Q £ Id odo of th(T socket* of the 

^un dottribed iu ccouectloa with 

*^* cMftT^ mirror, or in i\\9 little 

Maxid, (1^. 3(12. Sncrul i>ijrh utand* 

***d jviatf IiirgLT tripods libe fl^, 

303 viU bo oooded r*>r iriLfious pur- 

'n aidtr ui t'outiTure thv iut^u- 
■li? of iwo lixbts, tUy roaat bo 
plitcfd fti tb« umQ hf*ight as 
^ ptu>iometfir, alwul iO cr 5(1 
™* *P»rt, «bd the pho;i>nipt«r 
pWvtl jq (^ Btmght line betwoea 
^^^ NcwobierretheiTlamioaUou 



% 80ft. 



/i^'y, 302. 
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Pfnr«ICAL EXPi:Rltf CNTATIOK. 



of tb» two &ttl«« of thft priRfa, tliraa^K ih» hoU in tlic lab« />, tnd riov 
UiB iihMiimRlL^r niiTil tmih iiidiri urr eqnnUy illumiiinLui)- U U wU fc 
«To1d lovkin^ (Ijrv^lljr pt llic ljt:btE Junn);; the prvc^ie, u Ulb Immds th 
fODiiibilEtf of thii OPfi to slifiht cliETercncofl m Uic brilliiiaoj of Uio iUimii] 
fttlon. Wilh tbiB prwaoiloii, lUu tonvet ftokiilon of ihu pfio1«Tnei«r tn^ 
be atlrLi[»!(l Hithiu 1 ur 5 Icctra. Tho roiuixifiauu is iiiosl (JlflScoU irW 
tijo Iwkt li^hta Arc dEJlcrcntljr colorrd, r,!?. when a tniop uith li whiU lUm 
lii ooTii pared u-L lb a hiuicapJIv, wbioh ■twiyii buroii uitli & joUixrfiUi lUnu 

When llicre ar« m*ver.U FilumrDailn^hEtrlli^'il') bci coTn|iaro'l, U #xp«d[(f 
the procctt to hmc n [nnap whicL iurca vith a «t«adv fL^mt fixed ftt « 
iDTftrlabiD dUtftni-L' us u sU^idHnJ of oomparlHon, And chAA^ tbe potttloi 
of tfifl oihor Ughlii uEiE^I horh eUIrh of tlin pHvm ar^ pqnally llli 
McclmQical Ijimpjt arc rcrj well adapted to tbU purpnw- 

To compufo ihti pt»iver of two limiinotu [todiv* by moTia^ 
Ihft ahiViJoWR cajit by an tnUTpoj^^d body atn of pqQOI dopih, DOtbiOj 
iiiorv H tiL-edi?d thiin ii Hiii^k liJilf wi inch lUkk mw\ a ivhite wall, ThE 
procou fa lou iLcourato tliau tbo utJi&r, lucau^ Uiu gluro of the wbil 
waU laalDw llto «je Iciti tBuiblo to «ll>rbt diforcuccn of IJjfht Iq oU eocl 
experintenU n trliil sbocild Ira iTiaJe to a4i-«rliilii wbai tlvgrv« of ai^rufic; 
ma.if be CA|iiX'leil, II (na/ he douo tctj ctuilj iit (Lis cajie by harEi 
aa^Cant move tbi^ KKtita wilbout tbe kaanlodfcc of the cxpcriniontcr. 

In thU netborl of Rnmford'i Ibd dlsetmUar color of tb« flAmo 
more difni^ufly iban vfih RlrjcbU'a pbotomotur, bot It l> Iwtlor sal 
clam iHubtration btcnuAc mort petvoaBcaoobwrt^e it nionx^c. The EfU 
tbould bo f>n pJftood itifti tb>> «liadowG sball fall oloflo bsai<i« each otber. 

[iflfi] Buuseti'ii pholometen— Thn ilnrrw of « good taap 
aarruDudcfd bx a tia box with a ilidlni^ tub? rf, ■» accn In 






rEouj 

:4 




ead of this tabc jfi coT«r»d o-jtb luttvr-pnpor, vbich U readored trai 



by MMrlhff, Ifuiftng a rtng j or } nn Inrh wU\f an<] ( ad ittrh Cnf^rral 
df«ciurt«r iiatou^hod- The p4pp.t Ahi^ild hn vnrmrd. and ihcn ralfbi^i 
V'tl^li * wnrm ttcoriiK mncUl^ Thc< Itirainoua budj to be conipnrcd Ifl 
pl^<^ la ftoal of thU inhf», anri moviiri nutll tlti> np&qno rln^ rnilr«)y 

diKU.|>jMun; iwid LUo (inmi! proci-n ii tcju^nlpJ with iTterj Hglit ponipnfirtl. 

Tli^ rthtivc i&lcniiily f>f thf ]I|£;lilti can bo &M:ijrtiiinoii by mcuiiriap ihe 

>lint:«ncvi of tbc in^o from tLc paper icrc^n. Thit procciM ii lou dopondoct 

Oa t-he color or ihu U^hU tlmn ll>r* fiTTiiftr onvi- 

r 157} Shadows and ha3f<4hadowB. — Thp siiupieaL mat or 

****<> \TiD>r Iho difffT<!n?<-- bctwptn th*'5^' lwi> ia hy honpinir up a boll, J to 1 
iut?h En ilEnai«(«r, in thr inci^h^n^, itn] u^lowing tbe UkKda« («> full on white 
P>fc-p«r. Thf! Mine J» very prf llilj hhowji hj a lump with » round WAMl*-i^«p. 
JVej tibiviily dcltncd flom? mrtr bn dkiI for thin parpour, hj t-atiiiu^ p 
nliiKloir wkh ft body LcM iu (Iiafa«l«r rhaii Eh(» flamv. Uotlow fliLuiCi urt- 
DOL EoltnMo tilt ihff niiiftrallon, 1ii>nnnmi rhny rn^l. two Bhiul0T4, :he slden 
or the danoD giving more light than the midile. 

1*bo phoDOmDaa of the cimifru r^/j^^o lielurjif htsro. U ncede qo tpootal 
AppArttm for iti ilhiitraUtn ; it iv only nc*c>ifKpry to attach to the Ijonrd 
iotonc)i<d fur the halioHtAt a «lldQ ntlli nn Bpertan half kti iai:h iu 
di&nKi(^- OD d&rl[citlnfr thoroom inverted Im4^i of «xt«rii&I objt^cte will 
^>tt B«on on tko opposite vnlL Thn sma-ller tho ap«rtiir<3, the sharpor viU 
^C t\^ odtlfuf^ of Ihe imitfrp, nml r'orfe?ip{tmtinj^ cure (ntt«t lii* \akim to 
^^cludctbeleMt ny or«iu&Deouslif;ht. If ibo room cauuu^ bemads ^k 
vnoti;(ti to fthov the fnmire, a camera 
darri muy coaily ht tua/Ie of two TTihe( 
^*" positljuifdvi fi, fig^.305. ^i»i:bBtd 
*^t ob^ floj nnd pioKcd with a hole 
•'HJtii t liae in diameter, Th« end of 
■** vliJr-h Ii Inn^rtvfl Tn /I, U rlciM-d 
^^h a pUte of sroand icIom or nrc-papor. Hold the opening of Ii eloae 
*** the eje, aad dirtot Ibt tube toirard a vtrongEy illumiiititM obj«cL 

l&] EXPEUHESTB ON THE EEFLECIIOH OF LXOaX. 

Cl&S] Plane mirrora, — Pc^dcs thn onlinary plonc ralrror. thore 

*Hotiij hv a piiwo of ibu pliiiiHihifklycoalt.'douthv book frith inrUftn-ink, 

**iltroriiiad^*jf two plpc^^^ aei fli %\\ nir^to with rnrh oihtrr^ nnd two purullrl 

"■^fon. Tim liitt4?r nhoiiiil Im iwL in Uloek wooden fraoaen. The jobted 

^^■"HffffOicniUyhwian inn Ii nation of GOMij^. BOflj but it la belter to con- 

^^'iltlie Ivo porW by a hinge, ao flint thpy ran be set at ony an^le. To 

***Btmftyhe ftdd«1 a knlnlriniiropr, whNi run liu Imiight chcuply in auy 

^y *op. Thia may be cwiilj aittUe by stfUiug two olipa of trdbory 



J^- 3<J5. 
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PRVSICAL EX]'KRI3JK5rATl05 



lookicf^gliuu at an uif^lc of tiO° in s, tube ct puUbonfd ftboul 4 tncfcoi 
lonfc, BJ4 M*eD Iri eectiOTi Ui Itg. SOT. TUv C'l^ ts <:linod a«sr ooo md bj 
a iliak of clvar k'^^^ "h Hjir. 304, sat] nt the oth^r liy a ]nAi«4ioanJ eorer 

/^, 80C. /V:7. 30^ 



iiiii 



Fig.zfyr. 





irlUi a tuitull U[wrtura- Sciuie piecHv of cclored glnv^, f^lirctli of (xilor»^ 
pftpar, ok, Afo loIJ In Uiu tpncc before the ^Iam at a, nad * ution tiJ**^ 
clofld'l vlth n dUk or ground filast U ilippcd ovur Uiut cud^ 

[I^^J The roDowtrig viiujile apparbtud Iiaa Vi«eii coniTii'^fl tij Mnl1<^' 
to illustrutc tbc Un of rullci^iEoEi. A t,ti\\> of brus U Utckcd arottixi ^ 

Ftff 



.:<n 




flinlcbculnr tionrd .-I, fl^. HOU, tad one-half &r ft grtdnAt^d Ffjto iJftC^ 
A ysonicftl pin, «hich e»n lie fuatvntd Lj a stTcw bdoiff, workx in Uio c«" 
of the itmlHrHe, tnd oftrriet th« Index b ^, whlcb U bent apight c^^ 









PUVSICAL jaPKamKMATlON, 



ejctreiDicy. On Uiut IimIdx ft small piano mirror/ U ncrnratcl/ oont^rcd. 

X^b« nj «f liglil is oKowcd tij (till on the mirror Ibroogb the *\\t a. Thtt 

fntlv^f nliuvTi tIiv uti);I« or inclrli^cW, uni] llie puhil lo wtili-li tlm raj id 

rofflectc4 dotxhlc ihtt lamo. Tbo M:<:urac> of lh« a^juatmcut nia&t be 

t^cclcd before the mirTOr ifl permanently fixed. The BpparatU4 fthoTT* aJ»o 

tl^x^t «beu tbe mirror iii turned % ccrtuia nuuilivr of dagn«i tb« reflects 

r&y advuiceB t^kxjMULaiiy. I'puuibiii jiriudpl^ \Vbe«tatooft coiietctict«d 

bia appvfttai for mcamrin;? ibe vdocityof the tmikjuiiwi^n of clectricitj, 

tiM>] ThO hOlloetat.— Tbe beUosUl i« ono of i]ia moH SudJ^peM- 

*fclj l4f insiruTinit^ Inilh fur rliii llliiffirnTlnn anil fiir phj^^WI rptrnrt'ti; k 

**^ c^uld, thvrrrorc, bo obtained fti »0Qn a« n j>crRi:kncnt place for it can be 

bckd. Ill it£ «iai{;li»t n>rm it coobt very littEo. Jt biu ulnudj been mea- 

1-i«:> Kied ibctt th« room io vhleh aptlc« Is to bo tiia^bt mniLt hnvo n propter 

I toRurc ti> Ibc Kin- Tlic ajiimnitiji ri>om should bo timiUrl; ^[tunted, 

lliai ibe experiments cfto bo [iropvilif propiireil &ud tbo teochr^r bare 

■^t^poHiniUf fcr r«H«Ti3b. 

The ttiDpieit fcrm of Uic lielfiiMtat rondit* oF a sqiivv bosnl J 5, flg. 



OJ3 



SI <J. ot bonl wood '*itb » Lruml riU>btl fjt- 

tini9 Jq a bole Ia tLio sbatier, and kept In 

I>1t%.cfl by two «cra»n tik« tg. ml. In the 

Ixalddte of tbix bimrtl Ik n imib-td holu 

vuouQlcd on ibe luelde v\[h a bi-A^a tiiu. ou 

^wlticJi m tbreod w cat for the pur]>^ao of 

»cr**i*mg on rariou* atiiiL'hroentii, Iiistend 

'^V (liu briiv< pUit^ u abi^rl lubu uf wood ur 

PCMt tdj^ikri mnT Ikt a^rd. (Jit tbo «at:iiijc i« 

■^ ^*jnp, tarrow tuirror in a woodt'n frurce. 

bitkifrit to tbi.' woodf^o \)'m 1} K. TEiIfi m 

****^wtt on a Iwiccr scftio In fig. Slit- The 

l>iat hu a bead at F^ uud con be ti^hteiiud 



F^, an. 



^1 





**y Lbe anu Q 0,so ia not to tnni by the weight of tl»& Ullrror. Wbco 
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PHTSlCil. RXPEItlMKNTATlON. 



the pin iu fix«il in tu pUce, the buUon E \& glued en. Thft itrli^s JT, 
pnailofT ihroDjrli a ctnQOlh holo in tbo board, and binding on the pin J, 
iilb«> tlu> mirror I" bo s(-i at itij niigk-. 

Tbe mirror eduaI bo imulc or very tlio. clear glau, 00 u out to forai 
moro than t^'> iina^?, and tho^e as el<nv oa pouiblc to each other. It 
need not bu mu<7b -vlil^r than ihi^iip^rtitre fl^ but 011 it* length will depfod 
iU pu^THr \it rt^Qi^'LJu^ tlie ru)s of \ht »ua borLsouiull/ when tlic bUtcr 
Ls noftr tbc borlsoD, 

I^g^ 313, tn tho sinpl* Amo^ 

inertt Jiutt dCKribri, tbc 
position of iliv mirror iu 
njrpcct to the |>fQ J is 
Tarleil bj UiroUiif ih« pin 
£> and the Airing K be- 
comes obUqcie to tlie mir- 
ror, vrliich cany In time 
ftflTet^T Thu ftrinn^sf of tkc 
appiiniia*, Tliiwiliffit^ullj 
la obnutcd la tJic amu;fc< 
iDOnt «Llow]i in fif*. 31S, 
«f hnlf thn nninml ijic. 
H«rc the support «! ifct 
lotrror \a made of braM. 
A htndl« V U flK«d to 
tliv MKtittrv Imwl of thin, which nerves* lo turn tho mirror A terew ^, 
pueiag throuv^b thid bnua &xia Aod pre^aifiu; u£:niuat tbo arm J*; sArrci to 
elevoto Of depww tho mirror, 

Bj making the lupport of the riirror ioiijer. as t&ea in Hjf 814, and 
ftuleniiL^ it lu thi.^ fraiutf bj u slide noil »L-rew, o mirror of biftokcnoil gloo 
moy b? iubstitnlcfl for the orditiarjr one. Tlii« j;ivcit a clear laaRO of tbc 
Kua.afid light luougb for most ex^ierimopt*. 

Nellber of tho ArrangenicnU dt^icrlbvd i:o!tt« much. Tbe poslUon of 
the tnirivr niDot bo con^tnutlj ihlfted in order lo keep tho bctm of light 
in till' tjcvmu direction* unU Bora« practice U roqniriMl to do tbit propcHj. 
Hrlioslnts with clock-work luid mplnlUt? tnlrrorfl art Tsr/ «jEpaiitr«, 
altboo^h they hnre b(?en of Into njnch himfillGed, 

[ifii] Exporimontg with concaTo mirrorB,— The woodea 
etood B«en ia tig. 31& Is very eonvenient fi>r thpH« ond oth^r oxporimoott 
In thli Hn^Moa. A It^n n Ktmi^bt, olrnder hai of [ibr, IS to 1& fwi la 
len^h, supported on the tripods JIf if| which ore ntack in holes Id tbe 
beaiD §0 that they eao bo ^taiU separated. Tbifi bar li difiied tola 
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Tb« «Bt]« PP i^, Qg. 310, clip civm' tt nad oaii be Auleu«d by 
B- TficM aIMo arc & vholo Dnmbcr «f lachos i& brtwltb, uid 

^*7 3lfi, 




JTL^ ^m. 



fan bu tunl Id tbc nnckcU R attai^hcrl i^ tliCEie ^Eidrti, The aock^ti mipht 
bt ftxvd to a boAfd flli^iufT In a [groove lu Ibe top ^t ttio lar, but U 
Vaald be ilJfBcitIt ia lualffl Ihcni flm in thin wuf nnd at ihp «ump llmL' 
««itj norable. A aitiill lamp, fi^;. 3)T, U fixed uu oue of Llio aUiIca- Tli« 
^B ^. £14, /\V?. 817. Piff. atflL 





^Mdeti flKue C OQ tfliEcli ttiQ irbiio pnp«r vcrtt^n U itrvtclied, ido^I Ix 
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mada I«rgo pnnngh io m?nkpi thr nholp fmn^ whicti ih« nHmr 
rnpQ] lb<3 opposite end of iKo bar. 

GMligbt rijnilcra lEm ^iperimeoti^r In optica fo aomo ca4*i« iiid«it«Bd 
at aaiHbiue, Thtn mii; ho amtrfC^d by fixfa^^ « board wixh a Hm to 
oT tb« tUdi;)!, ui ill 6g, nU^ ; ir; llic tUK-kvX of Ihia hIiiIi? iha slnn iiT tht' 
nrgnod gw-buroer* G|r> 310, may be Inscrtcc], aud coiiuictcd bj a Andbb 



iV[f.S19. 



PT: 




1-3 




liovo vitb dJij fni« burner m th« room. (>r«r tbU barner U plocod tht 
fthfpi-Iron ^hlmtieT, % SSO, crbldi baA ft eILt o& one 9iii« for tb« hose, toA 
nu ojjrriiniC at ihc j^rojHT UitIj^Ij^ io pinco nlEdc* before ttic ligbt. ^b 
(LrTuijgFmvtit prcri^Qti tbc Ktmernl diffanioa of Xh<i lifrbt Su tb« tuofo. 

Wlieo tli« imago Talk bt^tveoa iha ohjoet end the mirror, tt slip of 
liujihr, hjilf KH Inr-b wJi1p nii<1 uti liirh Inn^, k fnKtPiiRcl In n whv whfcli li 
bept Pt nfffat n&glcJi at about half the broodih of the mirror from tbtt flidi 
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The mlnMr iniitL Ifaen be ttim«l to cumwptniil, «i Uittt Ltio 
foil oatcido of tbo bar. 
' Hhe tKrtan in tljt«« nad a namber of other expmmcnLir maybe eavnred 
rlth Hep-pa|]er iiitkai! cf lettLT'paper; lUv Uua^, ihiw^h nai vy lir^ght, 
1 thci; Tiviblc fnm boti atdcfl. Tho ftanict shctiM b& nbdul tic nixe of a 
beet of ]«(lcr-p«per, nod tbe paper nlrctohod juaL ivi on a dnivrinijc-bciarid. 
iay oTdlnuj eonc&Te mirror will uiiw^r for tbek« Laperimenu. Kveu 
Wcli-fUBi* coAiM cMt one Me with b!avk »^liiig-wax. by be&tliig tbem 
■litn the vriLX tndtg ot> the >![irfa<:(r, d<> trfj ncll. Dut to make tho Imfticc 
1«lbJ« n'ithout pujwnKui, Ibfi mirrur muAt titi witkr And bate a ahorU-T 
Ochh, [n nrdfir Id r44H|«r It TUfMfr ta wnnil pcTKd^s nr onrn. Rff orlorH 
dih fe fixftl dutiiDcc of I to 2 fcpt, And at b:aAt ju i^cAt diAntctcr, made 
rtnuB ud pQlJtdied by thf bru^iur, uru Icilar fur ibiM poqioM than moru 
pbly poUtbod mlrrori of ltf99 o onraThy, The fipf^rlmnnt Miocpinlfl with 
nuTTor 2 or -t Innhc^ In dlnniRter, but tb« imugir ix TblbTr mily ix> nnn 
noa It iDAy, howoTer, be abown to many in rapid ^uccfesion, by 
I^g th« (nlrror In odo bond and thn raodlo nl a prtipcr dlstAQCO In Lho 
r, ind throQtng thu reflected light uputi the fuceH or ibe Aadknca \a 



tVhe fluAOof acAndfedocs vcryi^ell a«an object m lhc»n cxpcHnitDU, 
fc ■ bonqiNt of arlificiaJ 6ovreni cf brifrlit colont ii uxaally otionMi, natl 
plsreil ai 10 be Ed^tily tllomhiiilfd Aud yi^t liivyblo tothv iKiditnce. 
M*^"** of voter mny tboD be placed vberc tlic Imnirc will foil, And tbo 
Ben will Kvm lo IIdai id it It ia rery important, with relbreneo to 
B fntura ronridentlron oT mora oompHoniM InfArnTneatt. llint It Kborrld 
•^littinclly uudt^ritood UmttbU acrid inuiffe oxi»tAtnlirel> Indq^i^tu^ujtly 
■bfi wliite walL P^r lhj» porpowi coDCLLTt mJrron arc preferable to 

^tti^] Convex mirrors nr't^ no iprclnl ninMrAlionA, A Hrah 

^t botllo of ^Ark-grecn rIaai jici.iwon Admirably to illustrate the vtkvt 

flPJH' To Hxlilbit the lu^rv fsul af IIjv ivriw-tiou of liifht* • rod Icuiovncd 
1 waUr, or a tny of Yt^hl midtr^'l vir.ihh^ U n darl: ruom by puxtielc!! of 
on, and aUovihI to litll ii|I(jil litri^iil huIlt, W iiii'ti\* titftiohcDt To prove 
ti0 law of rtfhkelkm by anMinl ntir.'^^iii'i-EinHLL reqLiiicii lomc npparalm A 
ftry nlajplc and in«irueiir« cx|)rrimf nt is to drftv upon a pktt of tin 
»iate4 n-bite, or Tarui^hnl puHtuliofirii, two XAaek Uns^t nt lb? niigla 
lipg to the rtrrnctlon cif light pawiaf^ iVoru air into water. And 
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pimicat EsrEUiMCWATTO?. 



Immerse ihe ahent with ibc clriwhig^ Ag 3S1. En wai«r op to a fr; tW 
Th« ttppftratiu flhowu In flfc> ^^ coablc^ us to iii««ra» tlw alible «f 




reirooUuu Tur diOiifunt fluiilB^ TL« Turictj of Uuidtf vrbiob uu ht ut*^LM-^ 
depenrlfl mi iJi? mnlorlnU of wli[oh It 3s onflinioi^tl. H Ihe bodj of li 
H.p|HirutriA Im! nift4i' of iroot] <'OTored with iiipul vanilfth. It cud b« 
odI; for watur^ Tb« ntrM^ht iuJo o 6 ii mule of a piece of plate r1; 
and coTerflil wtib tln-folt. A. vttj smootb cut may b« iiu4« la lb« mittdl^^ 
of the foil, li^nvtii^ tlic t^ai opnqiKv Thv. f^la^ it crmentinl whh pnirtf^ 
itite grooTCS en three ndrt. Tlit: npparAlui ttthy hs placed on a tnbl<»^ 
for tito, half lltlod wlih wntcr. auil tliu lif^lil of a candle, or a ra/ of )i|;!i 
from tlio hftUostttt, dfrod^it ihron^h iho eIIt Id IIio fiH The part of lb* 
ItuAin fttifiTfl tilt vuirr Indicntun on (he gmdimllon chn An^lvi <if Irfldrn 
mad ths pnrt puiwiag ihrougii iho water Ote Anglo of rcfrociioa. Tro o 
tbro« »x]>erLTii«ttti will prove that tlko sine* of tbeise mgloa portiarTa « 
coti!»iatit ratio in thn >«jae Me\tdii. 

ThrapparalMsnlioiwiiln 0;. StSi 
ulro c^^nvcnirnL II ccaauU of 
bos made of aquarw of plata 
fipun nf lop, nnd li^ Into a ImmiH 
tliv boUom and uu ooc ^«, to ' 

elf pth ci^uul lo llitf thlcknoo of l b* "* 
plauL Uhon half flllnd wiib wai^^^ 
nnd tbi^ hliii utluwvtl ig fall va U- -^^ 
aide if c. ibe «had^w «4Lbla i 
«at«r will bo aafrovcr ihau «iibo« 
b«> cjthibiiAil Uj tnutfulttli 
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i nj of lighl iD a dari room, ihroa^ t wide ^lms filled irilb irntor, iftto 
ivhleh povdtrad rhalk htut he«n «itrred iTid altovoit to «tAnd «ome houn. j 
ThiB paUk oT Uie liesoi ihrmigh thn ntr will l>f* mirketl hj llliifnlnated 1 
Pttiidea of dusX ftud tliron^h tlio wntcr br Ibc pnriicltit «r cbotk. 

ttU] Ttktal reftectton.— TbiJ ^lame UrbUJ chftlk-wniCT mar B^ 
oard Xn nxhlbji IixaI r«l1c>ciioQ, Dfmct thv Itgtit Hnt on ihe pUno mirror 
a. Gg. 3i4> so 05 t(» giro the rvflccU'd mj Uio projicr dlrccUon for tQt*t 




'"^ fMcction fr«>iD tlie euiface of the wnter. Th« direction of the roj through 
'•'*«^ *»irr win J»o vidblo, khd, if the proper angU in ehoson. no lipht 
*^ * 1 1 bo Bt-i-ii [iLwiii^ UiTuugli Ihi? siirfm-iT of ihe wnicr, Th« *isBel Hhotild 
"^ 4 t# 8 Incbca In dUinelcTi aud Iho sperttiie tu the helioiti^t Ddb otct ^ 
^** hnjh. A TeMot modfi of plaui flld^^ ftos«*©r* the ptrpo*t be*L 

-^moiig lilt fifii;no(n«nii whit-h dvpcriil on loliil iy*llHlii>ii, (Ii«r6 urc 

"* **»kj nhfclj luav be uaei] oa furUier illunlratjoiis. Newloub blue bow ou 

^^*^ iiml«f iar-bc« of n fflaM pfijtm ir one of Ihc mc^t fr^i^uoQtlf cUedn but 

* SaittOt MUpt«fl for Hjuu ickUui^Uou^ TUu tbrao folloviog experiments 

**^> fulty wade : — 

^1) An object outfiSde of a kIoki Bllcd wirb wAter cAiinot be wea 

^ *^0Qgti itie liquid from nbovr-, nalcM tlic dir«clloa of rif^lcn Ja verf 

■^li^nit In lh«» inrfwyi and thn T*iMf^l t^ry wMc 

^^ <2J FIEI • i^'InM abi>Ljl J full of n Hiriip nindc uf vhilo Kagnr, irliich uiAj 

^^^ tO^ftiktrljr Ihin, A itrHltiin of w^tcr ninjr br; jTOitrt'il upon tbid frcni a 

^^lOfi hald near the lurf.vo, niirhoul rnudlnE miir^b ralKuTu of thn two 
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^nfftt P»*lt a frv Initiirx dr-iWH nn whitr jmiier on \.}i# glnw just 

K?. 336. 



^*^Joir llie conlft^ Hurfint of tho two liquiitt. On li>i>k- 
^t ihjit tnfiacc from \>ti]ov tiL4^ kltrm will bi; hodq doable, 
^^AO dirwi ami onco lij toral r(ffl«ctir>n- 

(3) A lt«t libe uf tliiu kI&m, ubi>[tL | art Inch In 
^Itamctcr, pllirijc^ Iiit<» wator, nn Mm t» li^- 3-6, nppcars, 
^b^a t^eo fr^m abore, to hv flllvd ^vlih muivnrjH ^Vlkon 
p«.nljF illtvl wtfli wftl^T, t1jf« nt«[»lllr biiTfr il [Hippt'iire 
^ far M the wattr extendi. 
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Tt in v^iifjtit trom Ifali that mncb more Itffht in roAcoted bj 
re0<s*tion Ihao frota n meUltic mirror, for vhCD tho tub«i«ptrUf4 
M^!l)i fnercurj^ lliuL \tafl JLp|»ea^( (|Ut(e gntjr in ruium^t wftb thf^ Atl»«r 
[m&] IiQtiitefl. — Expcr[tiic(jT8 with convex \ci\k4 art ntftdc on 
ntancl, fi^. »15, with the acroonA bt^lonplni; to (L Tho IcDft b«Bt tidApteJ 
to iha pflrjvifl^ hiH A rfiftm?t*r of fl»>rer(\l inches nnil ii fncfti dlMUecit 
ftWat 2 fc^^t Tho Icuft h wX iti a fraduo WiHi a fttcra flutntc la f>Mcf 
«c<:licti of Ibo 3i[i.]id, Tbv ^icrial Ima^ vbuuld (kino ho shown in tbb 
Tittout l}in ^hUa »i^n>vn, nmi Ihc dilTeroDOt htiiveon it ftnd tb« liiMgt 
th(? n^recu pomtLHi mit. In ihiH nwn fttvo, fti with tlu! mirror, the fas^D 
ap]>L'nn bchtiid iha jtlaaa and onl^rgud tx^foro the rajH become ili 
vbloh m apt to cauBo nonfUdon. 

Wa oltf-n w[ih tu TDtuunra ihe fuf^iU dtvfnnCH of tfrn»«a For tbit pur> 
poto the ^Infii Ir bvld oppciiit tlio ^'Lito wall of a rootu w m to fona a 
(lintiiLct imu^o of ft window 16 to ^Q Test diBtiuiti ftad tho spucv botwccn 
Ibe fniA^ niid Tho lenn mQa^iired. For m^ro a^i^rato menMirecieis 
fn«toii ft pinto of fn'onnd g1at\ lo a graduatod rod und niUTe Ot& leuft ul 
this rod afttil Hi^ imaf^n U dUtiuct If the Iodi bo fiicd to n alldc 
'mt\j^ may be lo^peotad with tjiother leua, £0 an to obtain tbe gnaUft 
dlKttnctntitiK. « 

tlGC] Frifims.'— A licchlf polhhodpriMn of fllnl jrlMa^ltbsD aaxli 
of &0^ to 1>0^ nhonid bo choso[i. Thoy aro xorj oxiwfuiTCi but *ach a 
priictn. r?vi?n 1 n^nllmfitRr in IpngUi and ^^roadLtr. Im more nwful Ikan §, 
f^rvnl piece of ^onimcjn gloM. wbioh will uoL io*t iniuh Iom- ll diottkl be 
boac^bl on GordhioTi Ihiit it c^a bo ustid to exhibit Fra(^ciibof«r'« Koe*. 
It ia voEily inouDfi^d, ok Khnwn in fig. ^f^ll. Th? prii^m U moenttd un apitco 
of w<ifjr| ur briLHTj, tcnninatlii^ in ii ocftw, Tha imt 
c mPtfi to liuLc'u it to thti broj&d eud of ihe atiu a k, 
which is hin^Tfld by n ecrew Joint U} llie rod « c, 
Tliif rod fiu in one of the jciaiidjf* fip. Hn^fi. Thu 
arruiit^enmut oduiitA of itN m^UKtmi^JU in 
po«itioaH 

With ft little niDcttaDk?Al «ki[l, one can 
hollow priumB for hllIJtt^l^ ['ri^Tu^ of brau, lik* tf^^ 
327, cannot be u»ed for ocldj, ftiid tvKa sulpbid* of 
carbon d^i^ompoMd alovkin tbea. Jt iabctl«r to 
laL'^ n cqLiftn boltU wSth ground itopper, ^ri»d oC 
ivi of fhr rfirr^ra, nod replace th« Mm bj pleew 
of plate gluAS fattened vtth braaa buidi tod 
Ftg. SU?i Btiowa the prisn wiihont tbe pUioi. 
thft prUm U dt«f^ed for mlpllde of oorfaoB 
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th^ t>lBi(u day bt) futtapt] witli iuiigltiZGt ccjaniic Tha mlpKhk aTr&rbDn 



iV- 3^*- 




Fi^. SH$. 




r oc p'^nrod In lU an fkrftted t«iiipt^mtur« lukd rJu^d bf a aiopp^r 
oacm«uUd la vith itingloA. Sufflnent e}ine« must in net cai» be bR for 
tis& t!xpttiitluu uf Uw tiiiuiO l>j hrnt Thn ^mling' nriiJ aiSjuhtiug hdoIi » 
^Icmjnis iiot ir> trouMc^oiufr aa one lunir iiua^ne^ It !h donofiral onft&lroQ 
pla.t» vitb iftnd, ftiid f ninhod with fino «mory on pJalc rIi^*- 

Tti ftlliig tind eiiipljrlu^ the prl«m, a pfpettc or ^Itutv lube wllb ft fliw 
poiiitsbvulil ba uMd' The poiul vf thu piiwite mual reach to tli«battoni 

[I6t] E-ip«riin«nu «tlU priBmn cfto onlfbo moiSt In a riark room. Into 

*bii;h ligbt (S iritri>d[io»il 

through A fonnd apmnrt. iVj. S» Ai7,3iO- 

Tw bai^ tlie i^olr>n diatinot, 

*^W nprrhifn tniiar thiI ft- 

'^d 1 £jf 2 linM in diomoti^r, 

***^ tixM ^Kpc-rimeatA a oar- 

'^^ hIIi, not loQKcr ihui the 

P'^'«> . in hcttiT, Tb« h1^« of 
""" >~efrocliupr afi|clc and Ibc 
*^>t nUouM both bo ^-crtical. 

^>ISA339an4) 3,^1 hliovr m\ 
""*r>ft*atui of slides for re- 
K^^ttttng the iridtb of the sKl. 
'^fC- 3ao b ft tnbe deaignrf 
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lo «lip DTcr ^0 (KRDaaoQt nh^ m tbc aportnK^ itt cose tii«r« is ou,^ 
Fi^. saa rcprcwni* a eoiitrJrvLce by vthleh Uio «dgCN of Ui« iit«rft 
ftlvaya p&nl!el Ttia ILiitt' l^ars r c luru od Uie scr««B aa, «hI act 
ptraileJ rnlcr*. 



JV' ^^^ 




The 1«fi4Ci« priims, oerei 
ev^. . inny he flx«d oil ttti 

Thtf IiHudpttl «ip«niiici 
Are ib« fjllovfog:^ 

<l) The ■p«frtn3iD ii 
A foiiikd »|>crtMr« any 

tKi'i Lvi Srtl to ihoir tbft ^ 
routidhig of ifie npppT asd-J 
Eowt^r (T|}da. It h thronu ouki 
Ii icrtsn of white pftper. 

I J) Therumbimilonoril^^ 
ii'Jn.i tiiak»» whlt«. For i« 
ihif cxpcrimttit the 4Et i,^E 
UH'J, ttw priini j>lace<l at ^h 

i|ixt«inrj* nf 6 ta 111 f'l^t ftx)i^^| 

its Will the vpcctroiki tlkrowit on u coii»ex leo*- ^^J:'*^- fin'^gh to receipt { Ji 
Tli« t|iKMLti<!0 «r tbu kni from the prti^ mutt Li: ducli ihu It wtU givt -■ 
mngnltlct] Image of Itio ref^JKlinj;! fiLCU of tbe prisia A vhfu Jidwa 
pbci^i ;«hrn> Ihlt Ima/c fnU*. Jf the rrrrAi'tifii; ul^c i>r iLc jiHnn 
pardlcl to the slit, the Icnn pi;rpcadJcabT X*t the diicctioa uf the Imbcii, 
tb« flcr^en sllghtlj lut^licH] no that tbo til<l« wh»re lh« bra« rays fait 
lltth! nciirfr In tlin ]pm, n c1<«Ar while [m^gii afthp prium viUbrobtoini 
with oulj A vury iiarruw blue iniLr^iEi <in nne kUIc «^d a red one on 
other Ad achromatto Icna acttk litttcr. hgtuchroniBAtolcDaegofcoftBld ^^g 
ftbU dimoDdntifl aro v«ry denr. If j obsiruiftiog parta of iIk epoctram ^ME 
»lri[>B of tihu^k pu|>pr, thn eomphtmcntATy rtJorn are xln>«ti lery br*H "^* 

T ho vipcriiuont tuny aha be fondo by lonklik^ at the Apoctram thrnn^^ 
a MHTond prUni. The «{'i\ ht lUe Tu-lioKiat vlU iheu Iw tevn In lu aftln^f'' 
ftEfi?, aiid wlilto ; hut aa lhi» can onljr bv »eu I; cuie penou aL a Ibie ^tTj^A 
aol SEiiUblc fer cIom iaitruction- ^B 

Another fontriL'auc^44 for ahowing the cumbSnotion or allcolom, !§«*■* 
oflcItlnlJn^ pH^m. fl^ :JS3. Th^ vertJciil aula ii h made to revolfo b^ * 
spring and (^offffiJil wh«L Thcbtirjf, %, 334, is futciwd toUiCBJoanlf** 
of the prt«m, and th« pin k on th« diftk c workft in the ilit in this tv«^^' 
aoaOB the priOTi tg mado tg mellisiiM lanldlT- T he eiient of c J>^ 




Tbit nact bo ucertAini^d t^y a [irevio^t exporinieiitj iJi<J tfa« nse of^ 
(&k « and ihe l«i^b «f // ammKi^il ■oooniingly- /l^. gja. 

The t^y^an is &b9iit kolf th« rcbl «]>& 
f:^} To fthofr tliot (mu(r«<, frr««k, and riotct ttn 

Eotit compound oolon, rux in n hIlppI of papnr a 
•lit of Um wMUi thftn Oh! coI<}r to ic rxnuiacd, nod 
let it pus tbroQgb the >Bt to n second prlsm^ 
{A) Wh>a tktt «p«ctnmt U ihrnwa an a tcpond 
jjrtKaK «rbiM9 ftxU b nt rifflii utigleEi lo lUe- Gnl. uii 
D^l{i|«e sp«ctniBi b obtained To make thf« vell- 
tnovQ «xpttKiaont bftnd^ooic, the Kco&d prum 
tthoDid be lmrg<c tnd hvlA D«ar l^e otb^Tn »o « lo 
*"^<r«ii« almtiii ibb whuk uf lb* spoclmia. Tho 
*ot^c>en aboflld b« onlj a Tow fcot di^uat from the 
Rtt<?ond prinn. 

^fi) To [Ibtftrtte the thvorj of ilie (.'iilortt »f 

*^<^^[««. puto fl[!|M «f brijcki-colorod p«i>cr on 

I^Q^teboonl ftnd bold tbcim Ruoecsiirclf in tho 

n^ieut colon or tL« ific^rtnun. Some papcra, 

p^all/tbobliMWidn^I title paper of Uio book- 

Ticlcr>H vill iLfpoftr black in ftnycoIorbtsttheirowQ. 

<.€) ThaiodfXof rcfncrtloD orvarioaeeabfttano^c 

^3aa.jr ht» ramparAd npjimimAtAlj, bj mPHiuL of a 

lurK^risblaagbdlriangborwoorl, fjj;. 335, Tbv 

l^Andlc UU InoQBof IbestJiada. Onoof th« a]ld« lambed about 3 inchot, 

&ncl dirlded Into ^oftUtnetoriL A bole b ro*d(T to rec^fr* tho bandit of a 

prum at a dlstam^H uf 1 moter frum tht' Kcro of tlii> grvdanilaii, A iinp 





^^ 'Ooitl, not wen In tic fiKuro, whl a lonf. narrow «lit, is placed bt- 
'^*ii tbc priwo and I be ligTit. 

tay oT ligbt b tbrown In »uch n (Hrwiilun that, tlie iiart wbirh puir^ 
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ahavo ihr jirlnn tihnll fkll on at tho iraltj ifafl |iHnni In ttMi 
fi« to oU^tn tbc Icfdt rcfraciioiii and (bo pciat on wliich iht mi 
-tod fttlla iLOllcuil. TJli^ toj^ithcr tvilli tho dlstftTit^e ^f Ihi^ prfa 
■CftU, gUi'J4 Ihn lanKVEit of th*f ^'■g'". '>^ rvfinb^UoiT ; Rtid the 
rrrroirljnn in UktruUtnl from thlh nriii tbu rermrttug nngk of tl 

iTi Frauenhofer'a UneB.— Aar pHoawhoae rAcea«n 

lU mMoHal lti>mcif7i?ixDr>iiii, mtj' bo nMid to iliowtbOHo ltn«(t- 1 
till.' iUi]WfHlve power of the «ab«ifliive, ilift i^ftter vtrTll b« tlw 
ibt* Uuea< A |iTfsm tfUlcd with aalpl^idc oFcarboD shovrfl them ie 
fuflT. It in &EI tdTHotAge to pluce thu priam S to H ftcC &oo) 
til© nf^tlng Wigo of th*? prlftTTi ninm lin pTnc^rl parallel 
«Dd Lamed «o M to obttln the minimijia ^jf rcfrnctbo, Tt 
ohtAiQoJ b^ taming; tbo priaui slowly uu i\a nxtsi iko po^itio 
be Toiiad Id which thf^ cpootrum fmlU nonr««c to M l^g^ 336, 

„. ,,.^ TlnT i!}it mi 

" (^TM light wi 

ft fa'anlj^ of 
lb« liue^ ikTt 
ifDct, lt« Ion 
b« 10 to 15 3 
HpiNTtni[ri \* UK) 
mUtod throuj^ 
gluN of a lelft 
!b adjint«d « 
oud iU ol^'rt'l glun placed rlu« to Lbti prittiu- li is b 
fl wooden rinjT on Ihfi i>i*Jcfit cad of the tot<4copc, ftrni futcn tl 
tbiti ill uticU a wiif tbat it <<«ii bis iuru«d on Ha axis b«foro (ht 
the object ^liL4p. aji in fig. 33T. Tb« prisrn Id tlios tieciired 

OTcnwt OT db] 
il^ ^^'J- ita poftitioD in 

[be ieli>«cof>oG 

ftchr^tiDatic toh 
a luagDUying i 
to tii ximti b 
cienl In ori 

KcopeofafooU 
bn nitnd. 
AJlhoii] 
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mn naoncTOUS oiid mora distiuct iu thib vnxy. it fs not ftcla^rted to 
'IhlS^llhwtrAtion, bccotuo it it rmblo to but one pcnon at n timc^ 

By plAcl&g clotte la froat of ibo prism a ttriLll fioard, villi u larg^, 
rxmni3 itprrtiirs contnuclfvl tJi n iiHrroR hIIi, ilit h^uvlrm] obji Ik* tlirowo 
<^i^ Ck »1nvr-p«per »crctn, on^ thn brnsdcr linen l)ccom? tWihh tf> lh« 
n4k«d «y«, ttTeii vHb & prism of irronn gliwa. This tppunliLfl ia iUko 
Xi4^ed fa »vpffHm«ntji on dllTm^ltcnr Tim aitt U iirfangi?i JrniE rh iTici 
r8t uDc, The liiLrn tnay h? iccn on it icriiim HiitI IxrLlcr. bj pbcitiK a 
c^oavoic tens* of Trotn 9 to 1 f&ei fuoal dialuricc, Mirml tlic ptibdj. Ihtt 
«Bf?re«D muit bo in nnch a povitloc thni thn loni Till |kr'>iJDCO a diKtia<:t 
'■Aa^j^ uf thtf ilit u[Km iu Tl im'rt^un thf! (1iKtifn-ini?«)i aT tU- Tinei to 
nio^* the «r(cn a liltte bafrk auil ft?rwardi lliu JiiK-a ana lljo more foadilj 
f^'^t-iD^ijhod from nc<:idcatftl «hadowg on the pnptin A »OcOTkd nlit is 
not^ vi«f^wary 

-^^ priim of fiiilpluOd of tarbou imrduceK [TiuTit buaulifLil rtrfulU, 
*'*I>^»«iftlIj with Qfi achromatic Ircin. The colorn arc briictit<^r when Ihc 
****** S* 1§ Ihrour on n icpttn cf white papur mnioad of atraw-poper, but it 
'^carc, Ujkjo lo Wk Al ItltiiiK^ 

'^^ fflv cf tho dark llnon are perceptible even with the naked eye. 
'^*l-»«*<i!UlT tUts iwo bT-oii'I ones on lh« limit Iwtwcen ri<jlflt and '^lue, wlieii 
^**rt Ann n!lt is Inokrd at, Ihroupli n prkTu hHd at thu dUlnnrr of 
^^inct riuiou. Bub itic cxperimeut U lr7Uig to the rjc and not Riiitt^ 
™'" InitractiooH 

C 1S8] The rainbow.— To lllaHtrato tho Ihoory of Iho rainbow we 
^*^ ghm iNdbi. from 2 t<3 .'i tnt'brM in dliunetcr, flUt**] with wnliT. ftnch 
j^^^ W UC C4uilj oblAlncd, ^t iLcy ara uwl hy oiaujr arliBaa» to coiicontraU 
. ^^t on Iheir work, Tho glai^ ehonld be of □niform thickacfin, and tho 



• 



at 



fo 



r«t. 



C<i 



ai Hcyiratdj qdierkal lu pcR^lbte. Thv viriulli^r bnll^ fiilllll l\ww 

^Uitioni belter diftii the larger onti», but tbcy do uot ftbow the path of 

^*^ Jigbt through tbtr bull £0 distinctlj. £tod a thermometer balb will 

■^o*^ i))e principle. The hftlta niflv H;ber be !nld In a wnoden aot^kei or 

,.^'^fi oP' FHI the liall utlh slightly turbid wntt^r Jind allow a rar of 

*ftht U> fdl upoD h through ixn ftpurturc about two linea in dmiauicr, in 

^k^tvbh plftc»d Jnet before it The n|j«rt[iro in tij^i heliovtat may bu f^om 

^ ft Iflnra In cHamnli-r, Th» pa4h f^f thn Ei^ht thrmigh ihti bull will bo 

^■**l>lc, bad the *perlrum obtained hy two roftactionfl and onv ruQuflion 

v^**y bo throat on tie acreco. It i« hi^t-i to throw the light in guch a 

*'<5«ion Ihnt ihe rolltfciad ray Rhall bo horltonlol- 

T*o iiiipbdu the urcbud form of the ritinbow, the upparalue L-uutrlTetl bj 
™*u»cl[, aeen la fijt S88i i* Tcry convcoloai. Thr *]>hnricnl head a lome 
*it]t eontidomblo fiictlon iti tbo Einad j4, and carTiov the glan rod m n 




<:emFDtt!() lnio tt. Eacb of th«)c rods avriea a 
»d wnh pn^icr, Miil cu^-li of tbo dbka » sifikior rod 
Hie rod* jr a, <' r* ii-e |>uini<Hl wlilte, ihc tod r r r»d, >&il v i- bluoi 
&rfl aet aI aAiOal tbo «ni£lo roqatrtd hy tboorf. suil t1r« pttlh of 
tcdicot^ on lli« ilUkA bf doited linen, no llmt r' r in tUo prol««k 
tb« nd,»iid vvofltMticIet TOj. Tbe rods «Imii1iJ be oobd 
ftlf aiid,vti> render ibem flrmfr IftLe i?;orkAho Inmod en Uii 
iLq »di iJ r and r r will d4?Hcrit>c the cone* in irbon m 
ftictia; 4r«ps lie 
_,.p8»] To show tb* chromatic aberration »>fi^w». 
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i\g. 339, 



C) 



4»cconliiig la tlitf loDK in iiioi«il into the foir»] tlijtLtnice of (lie rtd or tbv 

^^ Thu mftj Alno bn diown rory wcU oi rollowi. Cot in a tin phus two 
ffCQiiHrtuUr incintoDt like fl)^. 339, IouvId^; the oifrle wtlblo Ja»t Inr^ 
tfWMifh U> rccetv« ilic Itnux^ iii«Jc bj the cr>DTcx Ico* ai tbc 
fXiUt vboro h i< most dlituuii and Aiaai[(ut> Sot tbo luas id 
t4io hole in ibe ibuuer, ftl rlgftt ah^I^a to th« lun's rn/4, aiirt 
l4fi tli« [iaai|[f of tbe *ui> Call up^^n tho phcc- A t\\t<l of 
p^«r b«Jd «orQ« diticoce btbimi thu pluie wilt now roooifc oo 
llfbt vlilcti bv puMd tbmn>rb tbo l«nii. Ilut if both UiQ i^)al« and the 
paper bo tirungbl ncarr-r itr liu- ko^ tlie olrc^lt- vJU i]i>i Im lurge nmiigb tf> 
rccvire Uit wh*>\t iintt^c. aaJ th« lij^bl pa^b^ tbroui:!' (be aperture wj[l 
t^ roddleii. If ttt Krean and pap«r be rcmon^ b tittto ftrtli^r olT, Ibe 
Jt^lrt on ibp pAp«r vlll be blni«b. The ^xpf^ntm^Dt cairr^ppdt b«ttnr vheti 
tbo leoi b *et II tbe balioatat* bat tbii m^uirL-s » iiii^tAllic mirTur. 

Tlie «ji|PcriiDeiil con be mede isort conT«rticniI; b; frjulfifbt, hf cutting 
>m>w in tb« aliilG fitijnff the cbiumuj in fii;- 3S0, and ^saug to tbo (Jfde 
goldny Iji vhiob a |iliit« uf gTv«u utid one of ml glnsv. fitting tdcj 
cloci^lj (o^Qiher M the edft«, can Iw (ilid over ib« aperture. F\g. 310 
^lo^vaiQob an nrra^i^tfliLifint half the nihTurul liixv. Tlio p(wition« in wbicb 
tbti uppor or low4T bolf of ihi- arrow U dis^llnot are far vtioag;b npart witb 
^ ^out dialitiicH of Lau feet The cipcrCmeut can bi; rvpcati^d w'ltb tut 



F^. 3<0, 




Pf^. 311. 




C 110] Spberical aberration Toay bor very wcU ibewn witJt a hot, 

fc fucit -jr laoro in diamottr and ihofi focal di<tnii«, *ii<1i ua ware formtrfy 
^>'i«fin, Mak« a nrrvii pt'^rrtd wiib rwu ruwd of hoiet^ a^ iw»n Id fl^v 
il* rince iL tM}f<'ic thi^ lcr« and let eunlifbt fall upon ic. II tbe llgbt 




FSVSICJLL XXPBRtUENTATIOV. 



~J 



tb» 




lich ptAMit Ihrongh th« ccrccn b« cncght opoa a jacrcffi of 
fbloh U HTudunlI/ rcmoTed to e, f^T«ot«r ^ieUmoc^ the rt^f from the i»t«r 
lolfTi trill bn «9an In pnn ihrongli Ihe tansr ntji, fttid iinllc to form 
Imttgc. tbtf »;» frum Iho Umvr hahn funainjc » nnff around it. As 
lapvr ffl nuoTcd atiU ftrtbor tba inner v^yn vrill conttt-;co to & Facaa 
(^Dtor oi]«t fbrm « riog troond It 
[171] Fluorescence. — Thr pfH^nomrna of JlmirBBeenc^e iir intt 
<iir;peraion vtll soon bo too Important to b« omitted in phrtlcal li 
and wn ihtnfttte montJon h*rr n r««- i^implo txprrica«nt» wbicb iltuilnkl* 
ihc Imporlnnt pninif of thi^ labjc^f^l^ 

Tb« folloAiri); ftru tbo Aub^itJince* which trc ndftplcd to ikttt 
mettttt (a) Aqncoui oxtnM of Ibe bull of horM chOAtnotA. A 
pI«o«s of Ibe buTI di^««ti>d fi^r j of an honr In coM v&icr mn Mioiij 
(^) riilnrnpbft, alrohollr PAtrAPt <ir nntiW (r) Tinriurv of nigbul 
[Mech &pf(I.J (d) Tinrtnrc of car?iiEiia. (f) Aqncon» volnt^'on of 
pbat« of qqlntfie^ {/) A piM«of glasdcolorffdydlowUhgrv^nbynrttal 
(g) Sir\p» of papirr, ono-h&lf mnfitrncfl wKb iht liqiiidA mBiUom 
Whea meb & li^iuid ii i^atixn} in tlir mn. liglit of suoth«r c^lor 
p«ik«tnt« ft llltio wAj into the ioUrior: e.g. a <i««|Hnwm llf 
llnclDre cf nl^Ubodo, vblcb it vinv yvllov. Tbfa l> kitIV morv appftf 
wben ft boaui of lii^bt U puni'mtriitrtt upuci II hy ■ k^iis of bImui 1 
focftl distftacc. The ]«uft »honIil bu Tixci on a tupport Fif(. S4ft ahovt] 




A elmplit iitnnd wMcb i> flTail>bI« for a groat ir^any parpotoa, 
9 it purtlalljr fillnl urUh i4ud ; cr 11 ft cork aUdiaif qd fr Ui4 




■lilcb mppoH* ft riuff of ikMUliOMd, in ivhicfa th« kiu la faA«D«d 

ttml vBj bj iwo win ring*. 

17ov Uk« K T9«irl m%i\e oT jhtrtllel k^'m P^^I^^ k«pl apart )ij btm 

>mpnte't bctvMn them, u io fig. Zid^ All it viib n folaUoa of ctibrida 

or Ci>ji|>rr, and look through It at tho ^;ttt^u Ugbt pci:i«tralu]g Into tho 

CJnriirrp nf Rl;;rh1iih!i«1n. ThU llphi U qulfn tIaIMc through lh« t4>lutJ(M^ 

niit] j«4 it ia not ibe |p^«n Tight of tho Kpoctmm, fcr It diiapprftr* whon 

tfa« «oJutloa of oof^pcr la pla<?(*ct bctweon tLe light and the liquid, ftlUiough 

noru* trril i^»nit ihrn fnlli on It On th4 othor han«l. (hie light rf^rnKJni 

^tthcn ammuDidr'nl Kiltition of cappnr U plnml licinni^D tlin light nnil Ibe 

Ufl^nkl ; but It b not Tidbk on loohui^ through the amrooniacal «o)u^oo, 

dr<M*ci Ux^t U thufl prodQood bj a blno modlum, Similar eip«rjineata 

may lit rnadn trlth ■Ipufaolle m voU a«a({U<^oiiR nolnliiDnii; an<] <i>m« oflb^ 

^romcla aUonM. tlierr^re. b« cement^ vith laEngltuai cem«nt And ollien 

^rlfh aMInc Many Uquida attack \yrv4; it nlll, (hcnrore, b« well to 

fttibjitUiiifl ainpA of p]ai« glajv for the bmu in >oino of the TcrMolt- 

Ina ipfctrum marie nitb a Uhit f^ln^^i pri^tit ami a Tenfi. ah In § 1AT. No, 
T. tbo donbb lino II in tbo Tjolct mr ^^1 vcarcol; he xiiiblo on whltt 
papttr. Bni If tbe tfMtrrtm be throvn on popc'p colcrod vHb aiij- of the 
IftqnMn ahove D4mrd, light will 1^^ vi«[hl«'. with rniiat1S0illn«)i, fnr h^ionil 
^. If iucb ft iptctnim br nov obirtrni through a •econd priiDi, tu lo 
S 1^^> No.S,thcobMrt«r wi[J»o«, hi^»idcathuobllquo«pM;truRi,aiLiiTaUTof 
<50lOTt wlilch contain th? «amo lioftft at tho onglnol ipcctnini, and nuiDlog 
tn tkft Eaino diroctiDn u tZiu oHginnt Iiiich. m oji to travervo all tlio culora. 
XfotiA of the liqnida btt puurnd iutu a gioM v«see1 wIlU p^rallal sUat, aad 
f>ot in th« pinco of the pnpcr, it will nhov the t%m*t ph^ooTDcna; oqIj tbo 
<^g1aQl ipaattiini dinpi>eani aliTiriit t^utirely, and X\w now EaiMg« pL'tigtrAtoi 
%jkXit tho Guid to n dvplh iui«r4{i]j pixjpuriioiial to it» rrfranviUilltjr, The 
«jatk liar-» nppfar hke pnrtitionn. Itut if a volutioa i>f <jaiikmo bo intro- 
«SibCcd bc4a«0D Iho light t^id Iho pdton, iho origlcnl tp«ctrom onlf 
WnaijiB ; becaiue the liqtild utisorlM th« ray» beyoud tb< nokt ^utphlilo 
^r carbon prodnceitbe nama vifool A pdam of Ibis aultitauuu cannot 
U«nfora b« saod in ihoao oiperiiaoDla. 



W 



fL) EZPJEETUEKTS OH SIGHr AND SOME COHPOUHD OPTICAl 
IBSTBTJMESTS 



[Hi] Th0 OfO, — To [ibtjw Ibe tnTcH«d tnagt on Ihc rctiiuv and 
fUutnle tbo klnictnro of iho eye, tnkc ono Irom n rc<*?Ei1lj slnughicroLl oji, 
oad fraa It from Iho atlacbod fat uad n}U*c1e< b/ mt^nrx of a ulutrp fcnifa 
Of tcalpal fflth conrox fdgt*^ Th« optic neMO should bo cleaned and left 
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.HtUohed- Tbcc cut out uf the flderuliu coal ur wliius ot iL« ttyn n itrift 

I abo&t on& to one ftnd a hair Itacv broad aod two }ine» hiub, iu tbu (lirec- 

liua of thd &iU of tijb fry(\ To Uo thiK, cut th« ttdorotic ^boM hair 

tliruiigl on ttio four «[ileii or the Ktip, mud then wJili the polat of tlw IftUe 

corcfailr »v]iaTat« It nl one edjc«, into irbirb in- 

trodiipo Ihr point nf a|iair of nhorpfCifSOfl^ud 

fi>l|uw roand iLie eullrv oQlline. Ldj the tj9 

on anooiJ«i] stand hoIlimMJ oaL to reevin El 

fiif. ^ib, and rcmoT« tlift uboroU codL TUi 

KitSng the tho?i>Ul wlLb a d^lirftt^ foroepi^ Bid 
crJlliiijc Ujriiujch t\iv ynvi lhu» btrld, fiubhrag 
iTiUi ibc ncf^KiT^^ After colt jn|r out in tbbwaj 
a piece <r tbo oUoraid lb« reit im tliroirii back. 
U will be BDOlcleni ti> rofaof« ihe onier bftti 
Ujar of the choroid, bui IbJi U lauri! difficoll; 
tbo IrOAicc ifl ihf n more di«linrt.> for th* rdiitt b 
apt to protrude Bomuithnt through Ik's m^trinrt. 
t*\we\n\[y when \he <tniid fft not LoUovhI oat to 
receive It. 

If, after til iii proparutian, tbc tlatnc of a caadk 
be hclri iMrf'^re the eys. a Tcrf duiinot and iliaqily deliricd hircrt^d iOM^ 
of it ullt be Keen tbri^ugh tb« pnrtlofi tliiiH rooilered irauaparoiiL 

DariniT ih^ prcpnrailon of the cjo it ahould l>c alloirod to fioal oa 
9ttU*r. that It maj ucdcrj^o no cbau^'O of foriu. 

After ihis, lay Ibe ey* <in the pornen and oit^nd ihe secUoQ of (be 
•cl«ratli! cnat tn within a lino of tbo conira, aitil roDttnni; U al tti 
^4taiic« civculuHj around the eje. If the mAKon htkre not a ipii>b<a the g » *t 
•nd, tbo poloc mnAt be directed agalnet th« scleroiJca at «adi iounl^a.^ ^^ 
■D ju not to Ti^LiriT lUr Hioruid. Xow luku up ihn mrliirDtk w{ib Uir^^^ 4^ 
ibfvepa and loosea it fruiu itj Alight Dtiachmptrt lu the chon>bl by meiaua ■■ -^f 
of tbo PC-nlpol, All around lo tbo optic ncmi^ nnd Imally ?ut tbtoviirh UtU. * ^^ 
Tbo (■h'lniM Ik notv ouniplel'^lj lull) liaru. Svj.i nuLkr^ u t^Jiupleof fachlond^ ^ 
in Lhtf L'liur^jid tu;vard rbe corucn, bdOiuj; up iLt coitl ull the >*hil« vilb^:^^^ 
ibc fciccfu, and Inyiits hack tiio i?dK<^3. In Ihi* way ih« retina b cono^ — ^ -^^ 
.pItteJ/ oxpciud Finally r^^movc this, by uji^iTt)^ It with lb« forcopi aiMF^»<' 
iflnVFlntF [t iwf<U by jilawiicnl. Ii bw no li-nndty «<xreptwh«ii tbe ey© 
quire frr^b, and biu only to bo pu^bod u-ildc? to i^hon^ tbo Titreom bncoij 
In parfoot c1«arn«ifi- Tbfl pryfltullini? lens w\\\ nlto be exfail^iicd and lb 
ptir-k<?ruil rlni^ In tihU'h ib<^ rbomld vtiiit AnTPTlnrty. anil In wblcb 
bpnilc of Ibe leui h tnaitnud. Tbc laticr i% of no tuiportaaca in tb 
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uul boldipLg np the eje b/ them, xhv Titrooan humar Aad the cry^Ul- 

11 beooDM too««D«d bj Lfaelr own vrlgliC viUi b tUlle uilitikitc*, 

rpiWo ftoDi th« rrit, Ohcch tbcu in • dUh, llio Una uppencoet; 

IB ittiierftlly JiQcin?kd br the ftliocbcd pijntioribiia niRnim. On tplitioff 

onpnilft «t the side, xhe cr^^idllln^ leat will fall oat; It maj then be 

:k cdgtwiw <fa ft ptu utH nKcd m » lem. To aIiov lu folUlod teibm 

mnat b« lianl«iLL-d In alcobol. 

Opon ui^t1i«r ej9 In front tij tniroduoinff the <barp polct of th<r scalpel 
[ur tbc nig* nf the (^mca and ihriiAtln^ It iitti> xhn am Arirtr rh Amber 
of tbe tjt, before the trin. bad with the blado pM^kl to tho irii. On 
wllbdnwlitg* tbe knir« tho oquooitfl huiu<jr wdl follow, oud the wbele 
oonuA mij ba ont ntrnj vilh the vluflvs to cbfiw ih« Irk WbOD the 
«dg«!S of Uiii are nrpumled fVom the choroid cont. I^io Frjutnllinn Irim uid 
it« cspeule will asfoiu be riaihle. 

TliiB detiKiniamtlon of th» atniciDra of the «j« will be very iDooh ftldod 
hj ta AttiflrliJ «je on & Urge ic^Bla. 

[I'JSjTlsioIL — To«xh]f>ilt1if ejrpcrinieutofFiitherBchdnu.on which 
St«Bnplohi optomelor ii l>wicd, toice tho hnr, t^ir. 3I&, eel a wliiie wreta «t 
<Hi« «t}d of It. the uuaII lamp, % SHh uhout ono third of ibe leoittb Troni 

^bo ullmri^ud, luidACOtivei leub bvtwtcu '.htf tAu, »u oa in pruJH't & dbtitu^t 

Suage of the lemp on thr tcrcoo. This 'nftg^ wUI recQft[i> distlnotv ihoQ^^ 
Ci scrccb witb twe root&DguUr BptTlnrce. 1 iauh high^ j inch wid«, and 
about J LDch mpari. t>6 iuirodtitrvd ch>He ht-fure ibe leux TLu illumlrjutiiig 
KiikLj b DOW Ht lt)V KLoraoal dl^Uiocu for dlAtJout vUIol fur uu o/u whode 
V^Aft i< r«i]rcecat«d hy tho wbito ECfnco, luid it« «i7[d«1lin? hnt. by Uu 
^fliM UtM. If Ute dlBlAQCo of the light be now rAh«d, ivro itnagei or it 
irill ftpt<c«x on the «CTe«D, And thn drHlnnro (jctH^en thoin will tnerense 
"Vvltb tbc cbAngc of ixuitjoa of the fltLrav. 

liU'j Stampter^a optometoTt i» its qimpi^gi f>nQ, u ettetiy oqd- 
Mradnd lUvi* two ii|UArr wdiKbiu mWs mjutc?, iiJHnit 15 inrhr* lon^, m) 
tint ono »itl ^lidc ejiMl; in iLh olhf i uud Kill fit clknelj. Ttfu exterior 
M alu>uld be «boili An inch nquaiv, and th«i inner otio diTicJcd into inches 
id llDct, X pi«ee of glut it vet In th^ end A, ^s 34^, nnd upua this & 



« 



of tiit-foil pMtod ia which two iliti ere cut § An inch Jocg, [ line 
I, lod ibout the ttnw dEitflEct? npan, Tbe tnncrtcd ood of the lQD«r 
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iflbe la abo cloMd with ft jricde of glsM Gor^r*^ vldk Un-Ml irith m illt im 
it The «Dd B U ckwscl with & piece of enoolh ffroimd gloM or olnv* 
paper Wb«a th« ifia«r tabo U pwht^ in c^U th« vaj. the »ro of bt 
Ipitdntlion roQRi prrjFLTt hAj-tnd tb« «d<I of the oalcr tnba u fhr kii tb 
dbtancc bctvcea U»c f<lit on lu fflo^ ami the t«ro nlita oft A If the 
tuMs U held toward th« mnlifrbt with A c\o$e to tho e^?, end tbt la«Mr 
lalM drawn ont uniD b« MLt N wen slogte ibrangh tte t«o «lti« b .4. the 
gndooUaa an fi will indimtr thn hmtt of dlttlnct vbion for tlittt t^jtu 
Hie fiieu) of lh« two pooiliona mast b« t»lceii in wtuch tfa« ^\l ceeec* to 
0^pp««r Rin^l^ wbep K ti Xiortd btofcn'Anl uid fdrwttd. It ij: otill better 
to ]«l tho cjt rnt, ftiul tc mk tlie p04lt[<kn in whl<^h llie >IU eppur^ 
single la the aatcciut4>iixiJ cjrtu The invlrumeot U totcr&bTj lonf whtta 
coDflUnelied In thb wftf. for it cuntAlus no codtcz ]cn« likt St^mprvr^ 
bat it l« vilU qaitt laervicoaldip. The loa« vecMMij to prodnoe tlie n* 
cOWt, wilh the T»tinl iIi»ln[iLM.' ihuK tnciKijivrl, liui be found 1>/ L'&hmlattua, 
or ft tL-ak attacliMt lo the otHtr tide wLkh Bill indicoto the fx^L dbtj 
of the roqntred lemt Tho aamberv of tbo epectoekc kImm* unaUr 
bj Vienna f aebes 

Thtr MIowId^ ial>le c<jDtaiiia the vbuij diatauces 1u Iticbetf cemt«|iondtA| 
to the niiiEilog aumberA of the jkIomc* mc^ id the tnde, the nonaal tUqi 
di«tence bang oMumed at 8 lochL-f, In Mioctiag Mpeciftclei b^ thts 
tbe fcet^eet glui rfiould be- oinl with wbo«e number the Ult ajipni 
Al&irle^ 
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[173] Duration of the impressioTi of light on the eya— 
For tbb «pvrim»at w^ on tbo rotary machine irith the atuiclinciLt. fi^> 







547. apou wliLok the pKitcbourd dttkri, paiulvti iviih Uto 

j>ro|t«<r coloR, are Mrewed. T\n' M^Va BTf } to 1 fool 

in ^iuDcUr, Mn^ cofcrcil with white popcT,oii which the 

coIOfB 'irc luiJ. Tli« beet colon uro indipo. rnuai&n 

bftx*^, ^mbo^, itiKl cnrmlne; ihese nm mixcil to form 

Holet, irrvcn, and uraiigr. To nbUin white, the Oink mu^t be dirhJod in 

[ir^1*<*rt^u K* tbt breftdth of the aoveni hiuidA of tho Kp^ctrani, and 

pnivitvd wlUi t)L« comvpccdlng oolora, ]ald on thin. Tb» t9?u1E vttl 

lirulubty noi W whiljv t>- f7rB]r ; 1>iit iTii? i^tprfmu-iilRr tiui Jn(I};rr (Vom ihit 

tivmt- abUiEi«d which of tha colon mufit be dt^pvufd ;o produce gnjr. 

In<lt);& ftud caraiiae proiiuco « 6iM tIoIoc «h«n cftrmlne <fov«jrB oclj 90^. 

0»iW>og« and liullgo in iht <Mntj pn>iioriion» give gr^t^n. It 1« itdrbahle 

to pibt tivB oii^tn yrtihb diA. luid a clivlr uf a^uuL 3 iudiifa aruuitd thtr 

0«nttr, blaclL Instead of painting tbo dinki, the; 111117 ^ corcrrd wLlh 

Um ^rlgkt-«o]orf^ pnpi^n nwd tjy ihe bfndert Tor the tlilo* of books. 

r^T6] The thaiunatrope. — This 10/ is loa veil Vbomii to aa«d 



i^<ai^, 



i^. 349, 



i'>j, 350. 





^^*criplian. Fig- ^■'^11 idkovni n m^fllfliMittAn nt It, mfld* Sjr cntLfng A 
7*^^10^ cfthl throu^'h tim miidle, podtmg the Imckn toxclhcr. bud fuaLcnIng 
"*** end in a ijroi>i"o in a roncid stick, Whon the allok U UrirW mpldl^ 
^'^^vtiii the fiagcri bj two brau pog< dnvvti in tbo ondu, tli4 wfaoU Agarv 

r)TT] Tho phantOflCOpG,— Tbo prhcfpki ^m whhEi ihc drawing U 
™*^fcde i« Fijrr umplLV Thy ihui- upppaiftrT for n pompli^ito rovoJnlion of tho 
^^nre \i dlrldeal Into u iDAoy part« ua ihf re an» liole* Ifi tho dt»k flg. 351, 
^tkd tho figure dnwn naicr tbo hot« iji tbv po«itior. lu wbic:U it is to 
^|)pcttr qX, each ofthoi* pvrbds. Ifnoroml drExvri&^» aromaJo, the;/ mast 
^>0 drawTt on dltfc* vhnx? dUioi^tor l< lest Li}' nhoui ihe wJdt)i of iba 
^wrtfln;*, aiid thc»c fAiccord i^n tlio linf, Inrin^ ilUk, rigurca mnj he 
4ttt«n on huth Mv9 of tho aomxW diakt- The »iiaplMt wnj of acttinj^ iUn 
^\>k in nToUition iM r^prnHonud m fig, 3^tf ; aboU% brau wlr»j at>0Dt 
1^ UtMB thick, PatleiU'd ^lijfhtly at top and bent twin at right anglu. 
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The tmooth Axin^f <? tnrritt oullr to ibo bokc i% it\ tiie bittoa g ii «emrtd 
oa ihlfl Eiilf, w\ tb« disk Autmd bMweaa It and the doi x, ftg. 311 ; tbi 

riff. 351. /\>, 351. 
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tint vilh i^G b«tv«, en the ^amo uciv, di in G|^. 363, md on a loTKcr Kde 

» Bg. sat 

[I TSj SufajBctive colors. — Tlie Isriglii-coloretl jwper uijrd lij the 

bo<ik1^don ^* hem for tlcjc cxjirncntfiila. Cat aifnpk GgnrcH out of 

inch pttpor a-nd Uj ihvm oa u hri^hll^ llluifiiuiitfid nvhftt grcnDd; afttr 

rdfag ihem HiAftdHjr fir n mr>Tiirnt Jrrk thf^ni nvny li^ni'Irnl^ hy i 

ty. Au easier cuckIc of Ining ih« expenmcat b Uf pwk a nirip af 

jt« p*per« I iDllliiuc1<T wMu ^ail 1 to ^ miliiuictora ionft, on u pitcc uf 

IpOoIoroil gtojtt: Uttt pnpor will bavt tb« conjplcnMatary color to 

at or the glaNL Tbi« iip|i«u^s kLUI mons t)tsUiii!t wIiil & jiiifi'K nf very 

this pftpfTt or tlio ftfline rise m tho fclus, Ift held l>vliiriiJ it ; but tha 

of color U UffunSy altered- KvcrylhiDjt ftppoan to Ihq eyo colored 

iMiMng £ur ft'^me lirnc l}iT<j<i|^li a L-olorvil ^\hm Sa^1il!iin eohtn 

mho le MVii vrry u«ll bj looktu^ foi a tirao tl tbo Itnagta oft^e two 

rcfl d«MrIbnd in Ibc folloninK pi^rDicroph, and tfacu at anolhcr fort 

tin ff hjtti wall. 

Xdrremhcr^ bac contrlird \m tictcdLnirly cnDvenknb «niJ fLfiaple 

Tnamaicnt for sbowloc tbc pbenomena of stil^cctJTo colors to & nrbclo 

Aodlnkoo ftt ouce; tg. 355 ahom & froitt view of 11, tig, 35G s ftidv ijew, 

■nd fl^, 3M Ji M^rtlnn tbrongh thr floUAd linn In flg, ZftS U romian of 

& Ti^ooden fniinc, ihc krcr hair of wEuch i» donbk ; «och port hiu a f^roovo 

&t>OQt 1 Ibv iu bTt'fldtL ttml dcpltj. Tbo front ^rooru pOiifCfl tlmmgb the 

Im^rv Hit, c e. ^ that tlit' tlidn, whith in miulA of cnnlbOEinlt cov«T«d with 

vljfii; prper, vma faU (o iJio buUttia. 

'rh«al>del«<if«ucbftluthat«h«aiti!ibcldapby apln i>»&3b? through 
tuti Kolo m no fiart of it will project boEov tbo bnr a a. Tbo upp^ir part 
^* Uic IVnine thaj, if 4ti-ylrtil, be (![)vt-ri*d with puper, idtt u tt> oonccal the 
«nUc (;atir«ly Tlie bulf fnkmo Ss clo»od al tbi^ btkck by ji bcidnl h I. 
^^l^Vf^ of brijfht'Colo^^l paper, cut like Q^. ^69j tUdc in tlic back |:to^to, 
•■* thrt Ihc A^iire fttctlva will oooiipy rhe nilddlu of the field : n it a black 
*M1, 4 lo & linofc in dlftiQi^lrr, rMicniid by a wfru t> tbe bur a ft, no i» to 
^^ ia t^ «tfkt<r of lb« lover 6cM, Tbc colon of ttic paper* mtuc be n* 
*^tiun aa pociible, and laialJcr pii^cun of lb« Bamtj ar« |>ro^'iiied to tlip 
■^ptaUod u>d CMTVT lb(> inniloTi of ihn olhpirq. 

^^E n$ ei|ivriin«nl U modn bj plncing two papers of dilTcroDt colors ic ibv 
^ock crooTQr to M to haru, r ;/> s j*n.'i'ii nqwm oa a rod Lk'ld, aud hiDi^nft 
^ht apparmtnc on h W4>l[ bghi<iil valt l>rnw ibo sJLdo up aitd fatten it bj 
4 rirr pti^^l ihrougb tti. vhh o 8trhi^ niui^ht^d; IpI Uj« ftiidlertce look 
ticttdily at the blu^k spot in ilic i^cutcr for about half a ujlaute, tmd then 
Itall ooi Ih« win aad Ui Lha eJldo faU{ Et will app^ur in oolcra Iho com- 
]j]«oierit of ihcMti of the paper. 
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Fig. Sfi6- 
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[ET^] Colored shadows.— Thifl pbf^immonon mtf b« prodacW^ 
« tUiklcff mBtiitur u fotl^ws: Makv a bYvA^ Tor llie aperture t,t tb 
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A«lbMA% vfth two halm, nhonr, f nn tncS \n (IUmi>i«r and 3 to 4 lEnei 

■pATt; Ci»r^ oiw witb red. the othf^r with Mtk^ Klonn Let ihc iaoign of 

l&eie ltolc«» M 00 tt vrbito woll 10 or 20 feet <lfdunt; Ihcy trilt aTcrliif 

ctnoti otifc^ Is ft fT^at inenRart>, nod U^c p«rtA vMch oTor]£{> will liav* o 

ID K^rr or Ivm whhn color, >i<iT4>rilmg to llii^ Khutlc of t'ojor of Ihi* glimnt 

IF iht imtgn do n^t OTcdap aufficicoUf, tlie dlBtnncfl nuj ht doMcd h; 

ro^collDf|ft£i»mrrom ft mirror, Ho3dftfrl«Qderwoo4i«tL rod, a l«ad-p>;noi1, 

it^ xh* Rij> tffbcrc thoj CTwa «w1i other; it nil] nut m rod »nil n blu« 

»lft «Ldoir. Jf tlte perjt.il bi? Ldd dmt tb« w»U, the sbftdofrv will \iun\j 

CO ^vcr Mch other uid form a blftcic sMtov ; » tlach ibodov rciulu from 

olA^tcvrrcg dthtv out of t1]« iip«rtuT«i. 

[^1^0] The stareowope.— To px[>]aja th^ manner of lUttat wltli 
b«> U cf c«, »f Deed ft cqIw about one inch Ob ft sfde. ft^d ft Wb«fttatofio*« 
or Brevntoru iUr*u«o|»o. Tho lullfrr are Dgw rerj cnmrn^n nnd cheap- 
It f« veU to bave ftbo ft plctore, the* xv\y jinrtf of nrb^cb ftitf |>ftiui«d vlth 
coKx^plem^QlarT colore; It will tbcn ftppcor whito j.r^„ ^^ 

vlftCB M«D tbroiiKh ^o ttoreoMO^. Ttie pfctufcft ^ 

to »>gB»d fog thft ttfaotoope ftlao ftppBftr BoHd yh«n '^ 

lU<3 two «TP» mnt icpoTfttfld bv a imititlon, ho thftt 
vA^-h ere 40U bat one pkttJto. T1i« picture do 
ii<it fti oaf;« cnll4?, tint thoy di> no ftftvf a mom^al. 
Pi|j, 3flO mpm^nU nn nrmn^roi-nE for looking nt 
^o pictores la tUii waj. The pfcluret are laid 
cvft ttw boanl a 6; Ibo faciirbt of o fl ii rcFrnlntod 
^V th« tIbvaI dinftoue. 

[^isi] Camera obscDra. — A eurpriiioKly 

''^'^iilifiil re»lt b produced by ictiortini? a coorox Uns, of 4 to G feat focal 
■^^MtiftM. In a i1liitl4r of A diirlE room nnd rcoeWIng th« itnnp:* an a !nr^* 
''"Wltewmwi- TbnftTPv-ri miirt Im mlJusKnl w[lb rrfcrpnre latbe ditUutwof 
^**<s iy>j<«t9 and the nlte ^f Ih*? image. The bwrt cflfcct Is produced when 
^*J <i Tidw la of n plocB about two or three buntod jardu dbdaat. Ir thU 
'^^^Td thft cawcr* oharura toat* really nothinff. for liolh liie plecsft can Iw 
^ ^^d far moj other [mr|ioMx The iaiui'Bft are inrcrlcd, which is 
^^^^rocM lu Iho cnliijury arran^oinent with the mirror. Urcct imsgOE 
^^ alfto bft obtoinod with the camQni (^pc^urft, 1^ telling tb» light paui 
(<%T*au^h a ractocgulnr glan prlnni plai-.i-d c\ott- bvblnd tli« Ichh, o* «hi>wii 
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An ordiniirj cncsern otwcorFi, Hg. 3CS, 1h (^uH^ mnflp by tnkliig ft woocktn 
U>x wbofl^ length coffTOftpoudA to Uii: focnl duitaDco of Uio km, and 




iQfwrttiig in llto front of it ik tnhD <»r imMeliuun). IniirdL- at which a aMOod 
t(j|}« cunning the lena can 1>o nllppcJ id nnul out, A gwd filttd ^btt 
mirror ii^ ai?3«ctGid ftnd piflcvd at an an^io of 4^° with tbo axii oTIkl 
CATEiura- The Imuf^i* fri rucdved i>u n plutv of glass ^r^pur^ bj grinding 

[Iti^j Th0 80l&r micrOBCOpC— Thifi instrnmerat U not Bdop^oJ 
to ActmJ mioroicopit^ inveati^tlont, aoil It li therefore not hett to ^c*i 
Hiui^h inminjf ou St But II In rntfrUining ilncI mrll adapted to IDuBlnir 
tb« 4c^0D of Icnucx, and cau be oiuiilr attac'Ticd ro tho iudiipMUftblc 
buUotUt. TM npt^rmrv of tbfl liiltor la farnlabvd citbor wttti ft KTMC or 
& tliort mhf. In Ibr flriit, (^nxi^ n (onvcjt Ti^hk, of 4 to A 1ncHB« fftcftl 
diatcwicc, U mounted in a vroodea frouio a b, Utting id » pnitcbonl tobt 
m Tn, m mt lig- 3G:E, ^rllloh U nbout an inch Joea In Un^tb tbftn ih« focfti 
diatAnc» of Ibe gtnes. IT tbc h(ni<i!^ULt b l^iml^btHl vrtth ft *bort tatw, 
](iii!i mn; be fixed dirvcUj iii tLe tube ft fri by putiug u nn^; ou tho > 
D^nr tlie end, luyiaK tbo \<-a% otpt it ii:td hecring it in ptaoft l>7 a 

Fi'/ 3<l. 






ring. Tblfl tube mnsi At tbe tnbe of the bf^llostftt A sr^ooDd inbe, ji 
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(nailjr obl«iD«fl frwa an *)ld tr1«i(4'opc,) tnnnt fit innido of m t^, and iiiHidr 

of thifi ftg*lB the vood«n cap ^ ^j. vIiowd on n larger Hcale In 1i^, 3CI> 

7bc i>KJt)ct gloat it Mt In thv small Xxiht\ n <>, which is^irUi in tho |ilEiti» fl d. 

If « compoand initrwivopi! be at hand. Ihu achroaRUE; IrnMja tram ihh 

tMj bo t^hon ftAd I^JEcd ill pfLitcboard tabeft Tbveo sm&tl taho« mu^l At 

In tbn Inba o o, and g*> to thn bottv^m of il ; it is w«)t to hat-o thv lolis in 

this nilnXcd d V4 wiJi- ttn llii< mbn#>f>. Th^ [niprii>r tit 1iWkrtii<il thfinigh- 

oDtirith [odEAft-tak. Tb« plfttecc ^'hic-hhua asqunrv upertaro^fa «Iipped 

ortT d d. I'ho Mrcwt r ** pa«» loofiftly lliroa^li thv plntn into tha V4>odofi 

<^p; wplmt iprln^, inccItT nf hard Tirasi wire, trv rufhd nmuml rhovt^ 

mvira to prcu the ^ilite ajfuiu-fl tliu cap ; / / Eire kjiobs b^ ^hlclj it uinjr 

C« ittiMd. *tht tilde* aro intrDdiici^d b<.-tvi:on thtA pinto am) the eap. 

Th« room miui bu qiiit« dftrk ai»d the intftgw ba r«celrei1 $liber on ft 
irltlt« »al] or A 1ai*jrQ wrotrn^ Hrv fiuliflTuni^i^ii aro pT&cod In x\tv ^trdiiinry 
cjl>j«ct BU(le»; Ouidi In dr*>pa on n pi««6 of pinto glo^, or In a little 
troufk formed of tvro jitrallel plnte^ of glara, about 3 »jUliiii«f«n4 cpari, 
l^nt dfy and <l<?a'f ohjrj'tfl thn tiiIkb 'j ij tnu« !in fi wljii*tnl ihat thpy nil! 
b<^ in ihc futriut. but XWui^ ol^n^bt aiiiJ fiiada cannol ouduiv tlw Ui;aC tbu« 

ni83] Tho oompound mloroaoope-— InpurchnsingcnlnWo- 
metit nf thl* Islnd n gti'Hl nur ilioidil Ihi »i*[ccJtd ut once* \ tolpfahl*^ 
Xtatrnmcnt will sn-fver f'^r the purpose of illofltralbii, hat the instTOPtor 
n«G4i a Miperlor one r>r hie o«n r^ti^Arrhf^a- It Se boat to buy of a maKcr 
^r MtiblUhed ropiititkn; itf in)iiruni<'TiU modn by Oborhani9(<r In l^nrii 
''•Wi bo mrommendT^ii na ihe t-bcnpraL in proporllon I'j Ibrlr jifiwi^r. 
^^fore bojliif; » m{c-ru«ei»pc which Is oaeuaTlr olTered for aab, it Is odviat* 
^1« to coaptrt its perTormnnco with that of & ^ood inatroment vho^e 
*OW Ifl koavo- Tht ncnle* of Bombjx Mori, or, tllll bolUr, of LepUraa 
**cdttriauin, fonn rery good iMt, objocta i and, for very yood imtrutaeat*. 
"^^ttftf* of Hipparcbia JofHra fcm. Qaro mtmt be taken not to be dccclr^^d 
V pK-pomtioni pfewntod l>y the *ellor, for if ihty are ikilirnltir niode lUcy 
>l>7 ^re rise t<] ;rrciba dt-cvplionp in reajwct t'> Uic povrer i>f t!i» iiiiitru- 
4«dL a mfcromoter pcab ftrnii>h(^i a more oi^canito twt of il* pnirprf. 
&ie^ onerometer toalea nr« very rroutly, 8Dd Dot to be itaed with a muf^i- 
ffiit^ pnm^r ttfloit 100. iho llnAs of tbn llrftt ftmnp Mn^ only r»Qe 
dbuf^B^ib cf b pAfifi line npitrt. !□ judgiti^c a luicr^fcope the me of 
the Sehl of rievr fi to be eoneider«d ii8 well 00 the lUD^nirjiijg power and 
t find dkiinctniDtt of ilie imngi<- 
kltbough the opticol cOect \9 the rhicr coadidtralton, the prlco also 



IWailvrowvyM luodclt; Eobivk iu Duhn orv verj lig'^lj eauiaefldciJ. 
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tariu vUIl the peribctioti of the mtchoaiam. la povtrerfiL 

tHtior ih9 bodj of the iD8iruni«at or tli« ohJ«oUr» luiiet hnvt » etewlr 

illoEi by II mbromclEr cc^fFH'. The ohjoct chnnld Iw iTInmfnnted fmm 
'■bOre t^ vv\l OA bj iiv^ mirror trom bcluw, vrbich ohooltl be vQtc*^^ bj a 
cOQVrx Una uttochcd to the fridc, vhJcU jd far better Uiau Uoborkuliali 
inirroT. Anutlii^r ooiivltli>r&Uoit U, whHher iho inittmmcnt k proTlM 
with nu ucuW iulcruiimL«r, uf uu gbji^i^livt^ imi^mmtlHr ua glun^ ^'f amiqv 
micrometer. For coiDmoQ use on ocnlftr loicrometor !« motFl couTcnicA 
bat it !■ nectHiary then to know iho magnttfiug power of tho o1:>|««tinL 
It^eciJvfi nteroinat.Pi-K at4> m^m (''>nveFil«nt for fluienuLniui^ in»giiiQiiig 
pij»cn«. bnt tbi^ line liacn rwon bccoiuc OJrij not] ofmijUL' by hela}^ utad 
with vnrioas obj(icU^ Sci^w iiiiL'roiii<;ti*rv anj tho monc iLc-^anitfv Imt 
eaanot b« crarl wfib oil obJecU, FinftLly, tbo iutilrumunt miut hiiTO « fnn 
bub »ii*i ft iiiitdblc riutci, ir it admit of iikh En ft likirl^^ilal prultloa, 10 
DDCh tint bvtttir All i\n-ae purticulura, oud cajrecinll}' tbc iVftQf BmA 
iikd for the moM part quito or«1or0, artioloa vbkb ora ftold u-ltti mkn- 
icop(7i, arc of itr^t-auclnry lmjHirtaD4<B. bttt tbej' maioriaJlf aiTrct tbe ooei of 
'thvianLTUULoriU 

Tbi) pi^wcr of a microu^opD ia i^onnidDrabEy Jr^c^rniucd bj luukin^ the 
apcrtuTu ia tbv >tAff« but Ultle larger tbnti Uio fir^ld of ite». Itttt u tbh 
Tftrica vkitli tb« dilTvMriil powei-A u»«d, nud tlic ^Uy^v must havu k higv 
i|ttttQK for ff^tnn purpo^cK, it tnujit bo udaftol l'^ finithtt •CTMUwUh 
4pftRnroi of various kiJA^t, cnlurgLag below. Th«H« oxv tadtf mode; 1h« 
ed^ of Ibe opi-urn^ diuhI be vvry Aiu.r\i luid lioreil smootb. Tlis aporuuv 
and the: nbolc upper anrfocc miiAt bn bla<i[tiiipd, Tb<i sorc«UA wtlli lai)^r 
apurUrt'^ la^y bv mudo of ebooy. Fig. 3&C> ahows ■ MOr«o& of this kind 
In fkloce. |H 

Small jKicarcx gf ^Um mP 
rounded ^sdg^ oro ueceuifj 
DE supports for tnLiiap«nftl 

ubJEL-La. Tbe prcptfatlou 

mnj be laid b«i«eeu tiro euch platce md paper putcd orer alt but d« 
iipi>l ccoupicd by tbo object, Ag. Ct;'^. Tbe name U vrtttoo on Iba papvi: 



J\p.«a5. 



Fig. 3S6. 




tlilo 10 iriiablu iLq vbjectirv to be 
brou^bt dow to Iho ol^'cd, M|f<- 
oiolty witb compound Uti«at> Tb« 
opiiciauit c^l euroinely tbin ^ui 
prepur«dexp««Mlj for Ui» iiurpoft^ 
it ia rather cxpcn^r«. Thb j(-]«ii 
U not «iroug eaoQgh to baor 
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tri! nf t |(lul«r^ diunoml; !i mutt b« iuttr^«i) wilh a acmcLkiir 

tfauond, ml then bnkeD. Muy pidoII cbjecu tnay be mode bcnutifDlly 

tiMiipAKCLl tiy boiBff mouQt^d ih CartiL4& bbltam- Lnf 1 4rop or baliftU 

on m ttHp ol f^bA, nnrm ihe ^luui ktij^ill; &Dd |>r«i8 the object Into the 

boUsm; biM n sei^uud drop od the tojj of tbLfl, ftud prau it lltt vitb 

L uothcr sBp of sl>M. The object* to bo mowitcd Ibu laost bv prorioiulj 

H drM md Uic bjtlciua qnitc ]>quiiS, Mb«rir}fte tba volsCitr« wfll adhere lu 

B Amb b HiliHiU <trop«. 1l Ifl very dlfflciilt to Avoid air bubbWd, l>i)i ibcy 

■ iDhj be irmrinallT worked out by lateral prcitmm; the b&Uam itvelf muu 

H Gut ofoJI b? frrp fr\>m b&bbl«. Th« (>liiti*A iiiu^t Ilv \oag eaougb Tor tlie 

Bbt^ra to ha-rden before Ui<>y ttrf rTfinnivI nIT oxt^mnny- Tbh mod^ nf 

B BountinfT b not united to all objcrtA, I 

B iMKctB orili« !<3)Lc ^jfn flea nra pri^puri^l by i^ectSog out the iittenlicr* I 

B IhroQgb sn itir[«lon tnade vilh n Ituiret In th« tbdoro^n, uid curcriilly 

B temoTlnit thr h.ilrodMl pnrtii. Thn ^mpty thclli thun nbtsinnd prndnce 

B nrpii»inc f fftcts under modentt ma^uITyiiiiE powertt, cvrp^iaJly with tbc 

B iDltf nicro»copo- 

W The reflected llfi^t of white i^lotidi or whTte boiiK^ prodiipci: ths bf*t 
illiucimAUvii : direct luci light CAuriut \ie (riuployvd foi tliti purpo«;, Tliit 
U^ht of a btnp with an Ar^aud burner U (vieelloat^ ctpccioJly for liliuniu- 
«cin|t tho object froia %bovc 

In urdor lo cbooiw tbe prujMr ctJiriJjEnatiunN, it U n«c«aaury lo know thv 
^i^raliyiDp poiren «r tLe ecicrol kIohcs- Tbo «utt'tjjenU if tb» drulcr 
^F& oot to b« inplieity traded ld tbU leattcr The oDly medo of dt- 
Ittrtiinlnf tMt oonirfll^ly Is hy tWra^ rnmpnri^nn l,ay an oljjett, whose 
^1%^? boe i/een accnratcly luca^ured with a iiiicronictcr, uoder lL« iufttruuieut, 
■^ci look at it wtth one eye nrhito tbe other eye U fiiod on u seal* Eoarkcd 
*^t.h boavj lince on nbilo paper nnil pEaood at tho dktanee of distinct 
*^A3iOa, With a llitla pnu'th^T ibr oWrvnr will bit aiiU ttt ti*ti bcttli 
''^l^get diftinctly, no that tho one will cQTcr tho other, aiuJ be c»u tbeu 
'^^4o8' tb« namber of gTtKluatii>as the objis^t tuTfini ^u the xcnle. Tho 
'^^diftg ft rcnilered more ttiETiGuU by tht tnm1f>t]c7 ol' ih« two fmngt^q to 
'^^Tc OTtr *ach olLer, but tbia difficulty jL'crEan!s wilb tbe liwi of the 
"^tet. The tnean cf ufcral mon»uromrnt4 muni be iAki:D, and tlie ponem 
^^tainod mlueod to the ut^rmal dlKUnce of diitiDct virion, unieat tbe 
'^l^vi'atur uau obemriri^ ihv al'uIi; ut the diMaucu of 10 iM'bn. Uii» being tbi* 
'"tstouce tUDalJy amimcd by the opliclan-i in calcnlaliiij; tbo luaifQifytnj^ { 

Tb» unplmmifit nhtftin^ of tha Iningf^t \n riKpei^t ti> 4*ar|j olber may Iw 
^ittrely obriutcd by li Etmall Htcel mirror {Sommcnn^^V mirror) orer the 
^^Qlai ia Bocb a poeitioa ibat ibe object coa be e«ijc in a hori^DtDil 
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dlrMliOD; Oie ao&k mj then be ax«d ia th« Mnia dirvoU^n, »• sbovrn lu 

fig. ^At, »i] thnl botb dLJill br hmq 
'V- ^^^^ viUi one ej^. A tsftrntrrn laridA. luni 

^ la tiio sMno w»7, wuvren Um mm 

i fvpow. 

wltli tie fMblMt ocular, tuMim ia 
^^ tlu lAVO way ah Uiq ocnUrs vitli iho 

cocdliclvfito 1} wIiIl-Il tW migaiiyiiL^ 
pover of tbc fccbktft ocaUr nia«t be muliipijcd to <^buiii tL« pdirtr ot 
t5a oifaen. Eater Ibeu data Sn a tubk nialUr to Ibo fblioiruis : — 



m 





Oculiu.X^T. 




OBtltln X<t A 
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Whoa tho imrtrnnicnt has an ocalw micromoUr, It Is <ml7 ucccawry lo 
dcUrmiuc ll;e pov.tT of the cibjec-liTci : tbii ik clone by itdplj' nactn)? t*f 
iiumtier of <1lTl«Totii «rlii<'b uii oliji^ot or kuotru siu t-oven on the oruX ^ 
Dtcromctcr, Tlio jio^Uion or Uic ovular mTcrotQeUr Id the la«trow<^ "' 
vDn«« with the vh^ni liiitance of tho obiorfct, und aa«t ba fouad ^V^7 
eX|Tf«rfrQ«nt. At n riil^. iha atorv fiowpifnl uculart ar« oalj Uttd vfr^^"^^ 
tbc Uftguirilnff poncr Ja to be kcrcitfci without movlii^ the otgoct. 

The mdtrnuii;ui. vrhtn not in ila case, mutt Ic ci&rcfullf pcoMcteJ IWc:^ . 
dast Anr ilniit whkh tsitUs on It rIiouM 1)« Kt^iavod wGlH a fia« bt:.^ 
pencil \y\tKH tht? g1aicK« ajipunr clnminl tlxfy Mbdnlil h^ vipvd v|ll£ 
flofl ehamolB Uatljcr, after cororallr brnahicg oT llio dart, whkh aiifhi ' 
olhcrwixo icmtch the gluuoi. It U ttlU bniier to luo a plfto« ar ulil lioen, 
irith«il in jmrc vtBit-r wlthorit tini\t. uii] ttftirnranli dippod ^n wat«r lata 
vhlcli pTrporrfl c^nlk tins boon eilrrod Ul or SO tulnntu Iwrore. Tud ibte 
dmd. Tilts Unifik nud tlio leather inu«t both be k&pt folded la paper and 
mefl for TLO CfthpT pnrpn^o Kldor jiTiU, t-nt wltli o deaa kji\t9 and fned 
ftoOQ tbe baid nnd, ia i>ar(iculArlj' «nltab}e for detiiiiu^ out tb* curnan 
and aDCflcs. If tbc achromatic combiaatioan arc Ui^t ccuieu(«d togtlliei^ 
ditht vpilt itombttiaca find 1u way bt^iV'4>«o ibfrm ; EbooU it bo necottaij to 
Ukkc thtfin npnrl^ It miint lin dmm with grt^al oat«, aod their ratalh* 
(fOBltions flril marked with n >n<ratchinff dlitmoad. 

Anj eoiDpoaad mieroHr^opc niuv bo used as a tolar tairroacope ^y 



P11TSICAL KXPEBlMSSTAnOX. 



at A 



Itctinfc a tar of light from lU mirror ic a dark room. The imiiffo ixUI 
Im tiNwired oa itit cKilmg. 

[1S4] Th6 telescope. — The ilicorj of lit itrU'ieoffe mnj l>c niu*- 
mtod bf 14'tLicft ftxi-ii in iiiB t^cktits on the frami? hg. ^1^- Th« image 
nPLj btf ritfwed cl1rui.*Ct^ by rvuioriog iho otralnr of a tvlvftcojit* uLid Bab< 
itUutkig fi>r it a abort poAlcboftnl tub«, b1ttckti:(id iuicfumllr If a tcrcvii 
cif grouid gloM or itiuw paper kc pljiced ftt Ibo proper point ui llic tabc, 
th« Inwg* Hill lie lltroiirn on lu The ih^^rjof thu ccmpouud mkro»coii« 
J W illtifliraicii ill llic iwae wuf . 

lu purchviufT a tcUffc^pe. n fcood OL-limmatic terrt^triAl iiuitmmctkt. 
taagtiityiaif; lu to :£tf Umvi, ahoaJd tw JwUcted, nblcb will U Ai-uUaJ>Io for 
r-xiwHmnaU an difTrutlJau. 

Aa Mn>ni>ioleAl ttkacopa miut, tX l«uip b« tafBcicutlj powerful lo 
tkton Xha fioifi of Eaturo dbtinctly. 

Fig. 368 rvpreiwait a BliDpIo mettiod of moQiitioga Uhfcopo «quatori- 
ftlljr ; a i» a bcary Uock of wixicj covered uii lUu buUoui w'txli dolb. (bv 
nnplo a boin^f vr|U4l to iUq polar ^luvatJon of tl^ pkco- Flf^ 860 in nn 
etil«rg«>] ftew of ih« Joint R. Tlie Ifilowope lh lixed m the Hngpj). Tii« 
block b »«t on B IgtcI plottloff Uble, with the axis a ^ hi ihe meridlAD. 
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4 fttai bvhg iu lliv tioM of tb« t«1e«uope» tlio Joint jf it tjgbti;i)0'3, atd th^ 
iiifttniin#r^t inntril on tbt* nxia a ^J nn lu to follow Ibe sttir. Wbcn ihc 
telcM;op<^ J* ni<iuiil(id on n tnpod wiih tcrtkal iiurl bori^.oiiial naotion, iljo 
t^pod m&T be delcuibed a»<l tbo upriebt pom &«tnict] rmmov^bly to a 
llutMd of iho ftilfl a ^, Tt might uUo be Herawed to a blotik with one 
hce ptinllul (i> tlie i!i|u»lor, » m A^^ 3T0h 

Tte vuJoo of a telcacopc depends 1cm on ita mnpaifyfDg? power ttifln oft 
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Ita cleflmcfg ecil tleilDlUuii- Tbe tmt va^ of nnmpnrlDg two iotraiiMiii 

» to mco^arc lh« d{»^Uiiii:e bL 



Fig. 3T0 




whLcli iho Mmi: print Cfta bo 
rend nltli c«o1l A cl«tf ihlirp 
t^e oil irblta pnppr fUKiiild 
bo olioacu for iho [>i]rpo«c, 

[iw>] RefleotinK tolo- 
flCOpes. — An initnmviH oT 
thif Unci, ibougb so longer 
mado for ntto, 1» oonvcuieDt for 
lIVosirAtiuu and for Dtfloy •&- 
l^oriffiCJ^Ia A i:aHuiiJ op[>or> 
tanit^ to pRivhoAo an oM o«b 
shoiiH. tli^refor^. bo tiaprovML 
Thflj are nwdly r?nu^ If lli« 
reflector and ihc Icttvts tf« 

gCOdn 

[ise] The maglo lao* 

tern. — A powi^tful irL]ltr1^ 
iDCut may l)t c<>tistriii^t«tl vitb- 
pDt much co8t, t)j tatkfmg um 
of thi-« leiLFit-t imd TminiiUag of 
Q camvfu ubu-'ura (UeSgned for 
f^Ot<i^Tapbic pitfpoWiL Hat* 
tb brx nudo to fit ort; 
Argiiud |jim|iH US nhuwobi 
Sn.wUb o door in ifae nde^ 
SQudI tin r«fle>ctor oa tlw 
nod n tin tube wt ou llio dtda 
tvM u to ret-'tfif e tiiu lui»« ud 
tlielr dx^ntinif, The l«n|tl& 
of thix tobo ruoti U MyiWBUd 
lUTCordln^ lo the for^u^ of 
InAtrnmcnt 



(«■) KXPBETIIENT8 ON THE INTERFERENCE AHD DIT 
FRACTION OF IIOHT. 

[ixt] The mirror experiment— Tliia eAppHm«iii k 
irith two pice cfl oftlir *nmc inJrrrir Tnko n piece orplair glikMifbiGb 
pot rerj tbiok, S to 3 inctivA Ioq;^ and 1 to Vj iD«bo vido, uid cot k 
hBlr(B4 h;F a i^lmn «tTolE« of n dlomoiid : it It do«K noi break with a it 
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pkce. Uoond the edgn cot llifr otier timo 



OkttD MrvfbUjr ib« «1dA oii which Ihc fut wai Btnik witli dJi*i>bc>] an<l 
UoUbkg^-pAper, uul up|j)j 4 to C ihick co*t« uf iudtaa-iDlt, lo ft^ U> fomi 
n opw^nc coAtioir. Eocb BDCCOfVivo coat moA be i^ppliod l>j jrtnilo 
|iu»8el BirokM of li* )irxiib. for the kmi pri'«ure will loowa tbo pNTiops 
UaLsL Tli« tiUokfa musL iiJwujs ltuis tkuM uf tlie Iiwt cuuL Ulru-'k 

mliojr-vuc, or lamp block mixed vjib oil of tarpentiii« uid a Hlllo 
vvrniAh. mty bo UA«ii injii«icl of imJUo mk. 

TBt« a block of wood, f^^. H73. with a Riem flttfng In one of the Mnrds 

color it ft doll fajftck, ^ad i^mcaT a litttc AhotMimkcr's vx% f i; tlio ojldillc on^l 

Mtottg Ui« «<lgo« of ODF} udA. L117 tb(j two piocos or giaja on tiii^ vas ^iib 

}ii« cut «dg«f togvthvr, fladpr««;fJovrDtli0iiil(UIOGOiuu>glToiho pktpc 

4 iriight inclinntioD lo CMb other, jittt AuEndont to Bhov ■ double iinjigc 

or • «4iidoiv b^r 10 to ^ eteps df^tfrot The odgei nusL fit ereul; 

Fig^ 3T8. 



ffiir $73. 





fVST4. 




^< cxp«rim«vjt iiiitr bo tnodo vitb % coitdlc, or a l&mp with > narrow 
^tni. wliboat a uriven; hut tlic IIiiba are more dlvttoct when A i^vrvon 
''*tb » tik licit lew ihnn frne llntf wido U tnifirpowcl. TTn' ttminp'mcnt 
*^'Ui % iTifl ilfliuu Sii § 161 11 vrij couvticii&utv FJj^, S13 aliuw*! a KTCcn, 
*^twBBft wboM bAff) «>t n^d ji <^\x\\*^v two elitkii mej bo intvrlcd or tbft 
^jV tlhl« fl h, fi|f. S74. All lUfl piiru of them iliJci inuH be cnwrully 

r|^- Thv uTauf eiueot of ihtf sIJi ehowu in ljf- %%2 U very couveoltDt 

■*m>3m ocod not bd ^^ri, 
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Pkoe Hie Ivo bbokcnod nirron on m level vitb iho Jl|cbli U & dbUact 
of 10 to 15 pftceft; at ft leudUiaocF lliv lfii«9i,tlMn]9b ftiO viribilc, will 4i« 
nach Jmb dlsUnct Tfic line frf JLitiC!(ioii of lh« iwa tnSrran idom b« 
ponUel ic l&e fi&mc or tltc fill, ud Ibe olrrori Ml »n oscocdCciglr anaU 
«a^« to tb« rftjA of light Tb« light >boaId be otttorrccj tbr7U|{b m ]«■• 
niih D mngnll^lng power of 4 to fl time*, fix«d on a bluk frftni«. m »«n 
in flff. 91&, nfiit placed 1 lo 3 feci dbtsot frua llie mirfgn, 
Fi'j. 375. nearij is « itniglit tine with th« «1it omA tbc miiddU of ih 
^»^\ mirror. Tb« li jrbt, irn>ei], ta^l mirror niftjr te firtd on th 
H^if!^^ riacid, Cf- 315, and tha Ip.ili wloii Ainpnmifl tXnt»\, 

If tbo cx|H:nniciit be m(ul« with MitJj;bt> tlto ^Jidc, G 
||^\ I 314, is atuthed to tbn hvfioeiat &qi1 tb» ttnot «hom on 
f^P Ml Mrr^Mi cf Ainiw-|}Bppr^ 0)!jcf^[irt ikriDaiuumtkiDi u 
r^ H riiadi linic, ^nd ihe kctutT i« aiffo tbat (b& andietico 

DCC Ihe plicnonujnon, whkb ii not alvraj^ the CMo oUiD?' 
viae. An t|>|)flrAtni id on«n dl«f>Uced« tnC tfao fart 
notice until numj- pvrAiMM likve locked wkI h^tjn notbiDg^ 

1^> mfckc tb« oipcduicnt wiih bomogcuiroas ligbl, n d- 

Igbt Ib Llinoit lDdl«pon«able, A p1«i?e of gU« of t"*3io 
pmpcr mlcir, or n bivtllfl with parallel jdfh« Ollid with. m 
cokrcd liquid. In placed before the opening ic \hv hdioetol Amuoa ^^o- 
tolf b4W of oopp«r jiMn an tidioirablo bJn^ ^otution. It li obuincd ^V>J 
ftddln^ wnmonin to n Kolailon or milphntc of ot^ppar unii} tW ifTivt "S «»b 
blue i^tccijHtalc at drrt fonnt^t) h redb^olverl. Tiic sulvtion can be i^?? ■ ■< 
-^uaL;bau)nd for ymnttn u t lostW'CorM plilol. Table ulttpnukM on ^^^^^ 
vick of o tpfTit-leinptini>Aru to lb» flame* ft loUnbljboaiog«aM»aT«IL^^^^ 
r^olur, irbk<H iterj Ijd rt^nilcn^t) ut^mplcti?!/ no hj InunntiLling it iJiron;,'^^ * 
bro«iiub'7vH.iw fc'l*'»- 
[!»■>'] Exporimonla with tho intorforonoe priflm,— i*- * 

to1«r%blj diC&cnlt to oLuia li biprumn b'Ah pai-l-c orvbEcb gtre nn eqi)*«>f|j 
imiUi rvfriLL-[ii^g uiij^It^. Altij<j!il uay \\\-^^:v of ibiok |ilttto glnM maj ''^ 
mado to uawor tlio parpose. for lb* rartacci of jilnlo icbM ere aeMoni 
pOTftllol, and It » onljr necoMAfj to ofcortain tie diroctlofi tu Thkh* " 
proloogod, tbo fbcoi would InUnrct vacb otlif^r TliU may ha Aobc 
nt'curdmgtDObai, bj fixiu;; u dark Esc-ieL^u Vkltbfvfioctlii bcfi>ro a wbulov^ 
and placlDf Iho kIom abont a foot from it tn raeb a p^ition Ibnt tlio 'N 
con bo soon U H, Two imngvi will fa« Mca. otj« reQe?[*d ffom tha vwaivr 
und ih« (itber from ilv farther aide of the kIbm, nroia vbicb Ibc 6otfia»r 
[lOft boon scraped off But the two itUBts wiU only fio in ihb mm 
«ti^bl Ihe wb<Tn tbo v]mhj of rnfloc^itoo U perpijodii^iilsf to tb« «d|«ef 
tbe rafrtelinff anffk which tbe twa (urftcM of th* foTmir raako tifik ttA 
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li wuily found by turning thP ntirror, «Dd tb« 
r reflection mnrLiiil iijion it. Cut n itrip ubuiil nn 
SdcIi vidt OQl ^tthe mfrror M ri^lii «n|rl«« vo tJiu tUraction* anil tolifi mo 
pi*c«fi AQ fDob long from \h\a. Ec 1q ^any to And vrlch tbe cell^iiore oc 
which wilft th«T it«! itiickvii* tbri ii ^rrctittd |wrf«Gtlj plane. To cfotd 
tfnUdttfnng itfc *ilji:« JurJng ihe priudiiijf. cul a Jit'lil U-wl mi lli* «tljfe 
fir«l^ mad grind It &vaj finollj wiih Ttry lia« ciccr;. Tho oth«r tbrco 
odea mwA not b« ipiQund lo earoriiU7- f oalen % atrip or brom m m io a 
^»nl n A with n liinrlTiv A^ Z'it\. and Uy lb« twi» pri^nift ng:bIrr«L lht« 
Hlih tki^ir bosvft Tojfoibi-r. Tlioy maj be hcpi 
ib ploK by Iktio brM* springr* cc^ct (?cmcittod 
with Canada boham^ PrrAmn of tbk kind eiui 
b» uhhI wTlh n nint-li tnt't ^Ml than mirrors, and 
wa porllcularly eerriixelilc vrkh botsocDiMOiia 
li^bt. Thfi vbolo •ppamlni can fao nTaofpKl 
«a the bABin, Eg. 315, nt the wme dUtan^M oi 
wfifa ndrroni 

[189] Newton's rinsca,— The no;:* maj 

It thown rprr beautifnllf with n eoni-ei kniB of 

ibont 4 reel fomt diBt&nce. nnd n pl«co of pTATi* 

tl«Hii; tlierr bT«adlb and b«aiilj Eocrvuv, bow- 

tttr, wEtb tb« focaX diEvtanoc of tbo leni. For 

exhibition Ibo loEii nnd ptate tncut b« Mt in a 

fhuii«> *a tliot t^liP iir^uure of lh& t^o glnnwit upon mch other can bo 

■ncresMd al pleasure. Two ^loui platen of bran >*iib upvrturati in tin- 

center, and hdd to;^lher by fonr lorcvrit, ad in 5^' S'?^, i> all that ie 
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r^oodcd. To maV* tbe rings more distinct 

hr rrtlw^lf'i lte^|l. laj tbft njipAmtiiH i»|Joii li 

blairk ground nnd ^irvr il obiiqijclr. Af* 

tbo riog( shov but Talntly by tranaroittod 

light. It U iK^Uf^r ifk prL>j4^L't Ihrm <in 4 

iwhitc wait by ukuils of u suljir micrinK'opi? 

With A low pfhWtjr, Thr dUiinKupw L>f Ibo 

&iaag« E' incittuvd by ef>venng ibe hwor braes plato wjib black papifr, 

■nd IruTiDg an apertuce onlj' ub ^rr*at im tfin dlnntPicr of Thn l^J^gti. 

To Inncrt thr appDntun in tho «akr Titiorun^opc. a tuhi; of pnAtctM)ard 
DM0t bo mode to slide m or over the tub^ v^r m, U^. 3ti3, Jtiat lar^ caoii|^ 
to r^reivB tbe g1ntii«H< himI proridvd wilb n tmnllor tube a, m la Qg. 8TB» 
for tbr diljftflmcni of tbc ]i-i]»^eh. 

kCryitftli with perfect plcaraj^p, sucb oe ^jpfiuiu* niicft, and calcorcoti* 
a, mtj be uvd to illnrtrat^ the colom more fully, Thoy usDOlly contniti 
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air indo^od b«tTe«D th« kmlc% or it moy be eodfry ulmHLfd bj a 
lag to dniiTc tlittrv vith a tenilb. 

NrwionV rlntfn inn,v lie Hbown vrry beaatifiillj 

fV^. 37A. ItkjiiK *^ *^^I> °f K'J^'J'ti'^f About boJf ftu inck w1 

aro(ui<I U}« margin of n dUk of Ihio gl««, 3 to 6 
fnnlii-( fit illninPtAr, laTiajf ihtt ({lldpit Mn of thix duk 
on a timikr one blAckeaod on llie hack, uul prMWDg 
tbi^m togftiier iu ib» ccDtcr. Tb« pT«mra i^oald b< 
rinpl1f!(1 hjr a blunt- |ioliil<>d cdck of vood. Slfpt or 
lIi ^ f^ilJuil nt \hv (?mlh iu«y be luluiiuitvd for Uhji 
di^ki; bat tht^ do not exhibit the riof^oM veil Tke 
^ilcliu^' may bv m|>pTiod by breathiDfr on tkt cImq 
kThu und lajrin^ it on ft iht*i of goM-lcaf nn Ikr u 
ri'igLurcilp tka*} Uipuctiltmi^ ikt gotd4r«r by dnwini;. 
jiiLLqj kntfc With ih c^mcx (rd|co ftrovad the od^ 
tbo gliin withoat morin^ it Tbc two plocts of gUu 
may be iinttL-d hy ptntin^ ]m|>i<r snjuuii llw Mlgt& 
To make tb« uxpi^riiuvTit wtlli bomofcuoL^os llytl, tbc vrick of ft splrit- 
lomp maj lio ^IrcwiMJ with mlt. Tbo ring* on fthrftji Don aumoroot in 
hoiaof^Quotifl li^ht, und twu gliuu dhki leparftM bj gold-l^ef mpptftr 
^nfto t'Ovun^J witb Uiuiu. B; ploclitfi the ftppAroluji saccvMircly \n ibc 
ditTcrent colon of n ^fkcctmm prodacod by a prieia of Uiut glotf; tbo rtngs 
ftppeftr rt^ry num^rticii, nnd tlie dtfforenoeA In tbetr br«ftdtli Jn (Uffvra 
colore Diuy he |i«iTCt»W«d vithoot iu«uuT«4nenL 

T<> vbow Ncirtoft^ riftsu nrltli «oap-babb!oj, malio a lolation of 
dr?. bomefofldft voel^ <iho fiia-r kiud^ nre not neojrty lo i;»od] in p«n 
koTl WAtcr, la tbe propcTtlon of I to ISO or SOO Filter ibe BOlaiiixi 
while htjt. It In bctti'f Ic allow it to «tttiid 34 hoiirv, nud tf* ttvaid Ktlrrlgi; 
Up tb? Mdim»ut nbhb tiubsidM* Wb«n Uie moIuIIoq Sa o«M it mftj bo 
uvfld ftiB follouEY: — 

(a) Pliiui! ihr ndution in n imuL-er ovnr blutk )mper by lui open window, 
and with & «iua1] i^^I&sa ial>9 blow a liomiapLf^ricftl imbble aboftl ftn Uitb 
bfRh- Withdraw tbo tabo boforo tho colore appomv c^nd cotot the Msnt 
witb n boU-^U>L Tlio colon taaka ibeir Hppcurftnav on tbo tatn.mlt of 
ibe bubble and ttpn^iid in ctery dirvi:lJou. Often all tbe tiuf^ with Out 
dftrk ccniTfll spot f^na nt onc<*, and ifh^w broftdvr. A» nftnj bubblei 
broftk boAjn tbo Hnpt mo ftti developed, ftnd Iho dcrslopment proet«dl 
donly, tiiU process Is uoi wHi aulApli^il for cIa^h Iniiructlon. 

{b) Pont tbo ifltua tube througb a cork nod blow tbv bubble Inaida of 
faottlo. C«oa« blcwrit^ beforo the oolcrs uppf^r, and doto tbo tob« wj 
a pliif^ uf wax. Thn riiif^x ftpjH^ar aivi^md thn ttibp, Th^ color wh 
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ocenidw the ipaco uoand iho rmi; b L>ntu 1 1^ 2 ha^it bnMul. Bctl Uw 
rut orUio colon uo ictocrelly utrrow, ond the mGccasiTft liop crowii ttio 
far^edJng OfliM Midv, Tbc bobblu rviaaia tor ft ccpiiad«fftbi« timo. 
f (c) TbetnndtBiaj be prudaced very b«aailfii1ljftQd<-eTt&ln1yb^ dipping 
^ moDUi of ft lambler into ttrn luH.^ ocl holdip^ th? ftlnt tboK f^rmci^ 
oliliqady; Ibc Ugber parta b^^omiti^ ihinuc^r. Ihc eolart u^ipcar in b&atU 
IkU ^xperlfMQt tfl t«ry oiislfy mAil«, ih« l>flttd« arv d^v^lup^d v^ry mpMlj 
■id ftttoin B coitMdnrablo brtadth: ihe fxperliiKiiil U. tliercronv hvII 
vkpced for Qbutrftlioo, ftlthoagh the film vhicb coven the month or Ui« 
fUuftoon bn^ki. 

(iJ) Bail ft noTP ilUutr Ralmir^n of uiup (^Jq) (or iioinv thiw In ft irhfto 
fduftl, iu ordfir to txp«l ftJl tiio iiti4iuiphQric air, cork it t^i^cklj, cat tb& corV 
OTivn ftnd Mol it If tb« bottle bo shixkoD vSlef coolbiTj baljbloA will be 
yinn] whirh k^iov Lonatifril colotn nm! sliiniJ n lony nmi*. Bet lht«» 
lura Art- >t lirvtl Addum dcrtrbjii^d in their n^gulur anJor. Wticu Kudi ft 
phlikl bfta L«cci oatd for iome lfiat«» the colon ftppear irttL {uorecLsit]^ 
rofpd*'*^! 1^^ bobuty over tho (iiia nhl(?li '?ovfln tho whoLo AJd« fvhcQ it U 
beM obliquely; ftml lu Ehn phink qm ulktzip ri^udy for u«<, tbey ftft very 
eotKonUdt. Accox^lug tu EiflL'uIulir. tLv colors utt t3x\\\b\itd tilth rein&rk- 
ib&^lfr bcADty whcD A ^ihiAl Ihiij^ prcpnrfd ^h lixcd to iho ccntor of tho wheel 
of lh« irhiillug macbic«. niid a rapid ruTolutiuu Uapacted to ii, dt«r 
roniLSii^ liy ft^tAliod a Aha «xteiHliD]L' octei^a ihv pMftI, 

Vury Ibiit flui of slafx may h« fofiufsl by hcntiDi; a ([IftM bulb OAd 
btovioff ii OQt tiidd«niy until ii Ijuniii; tb« fn^oDU will glot* with 
Ibc iMvt henntiflLl rolon^ Thb Ulnm of Ikjnid pournl upon ft dft^ker 
Uq^d txhibliTtTf IjcAiitirul cgbn; cupiwiDlij tlic «tbore«J oils pout^ 
opon vaicr 

Tbe be^t mtniu of ricvlng tbewi ringn in homogeiteons light U Ujrou^ 
^lon-il ^litufiL With r4)Iiircil f,\n>A, riuj^:* m»j Tia dftlmloii bi ilic 
^xpavimcoCft a and 6 kag bcfon ihcy cftn bu Accn with the naked eye. 
TfM thfieroiico in brut^th ia t«ry purcirptible when bluu nud rud ^ia<««K 
v« iai^rchftngpd. Bat tbo dlAVrt^ct-p in moit dlttiTiet %'hita onishtlf cf 
*bt rinp ib (?iiT*Twi whb l*lu<: tmd ihc L>tb['r with rrd f^luiL 

n*oj GnnuUdi'8 experiment.— iiaku I wo boi« of the diameter 
^ fc iMdiftdi-tlKttd ii«inUo, ^ to i ftD inch nput* in a ulide of Uiin metal 
Jhliftg lain ifap brlbiitftL If a nudbcam hi? thrnwn horUouLftlly uu Lht^M 
^'Jttftod tlio ioihge rpceired un n scrccD of strAW-paper ii" <^ dojrk roam, 
^ Bich ft dhuie* that Ihe two bnajro^ wiJt coynr each other to one-third 
or It ftiott one-half of their extent, a dtfk border wiU h* purwrfvwl op 
*4l ttbf= "^f <^*<^l» iiuiige whiirh hi uvxl ibe other, vrbllc the nuddle 
^Ihe spjLce where the two iiDugva coincide ie lighter tfaim tbnt vrhicb 
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b Illaalncd by n tlnjth bolo. If ono of fhn hol^s b« cov«t«d« U» 
dark bord«TV iHil <1Uappcar, The holes ixiay hv itacl* Id lln-foil pB«cM 
orer n Wgor ajwrtdre tn u Ijounl. Ah ^1&44 rnfrrnrK alvu^N ^rt Moro 
tJiob €DC imaffo, ncTvrttl imaj^ct or the npcttur^ ^nll be «eca on tli« wrsta^ 
bot tbo raotQ f&ot viU, noclcr faror^k «iroamBlancee. elill ba dUtiecU^^- 
Tibbie. 

[191] Experiments on diffractiorL— The fccduDcntAl ei 

pcrimenU on thia anl^'cot ftrv th« obj«ctli'c «xhiblt[<>n of 4iffnM^n 
meaoa of a Rlit, hj » tiivnUr fip<irl[ir>, and a thin opflC|a« bodf. Th< 
miiBi bn KbtiWH oliji-rtivch jrt thi' nimplrst ami mosl "JifiicT. uiiuiiijer, ibm 
there are other veaoi of sliixv iiig Lli« i^Ucnoneaft on n greater vcile. 

i'or IhHO nindain«iil4L •xporimooU Bunhffhl U nw^UMj. Amuift* 
>1]d», AfC- ^' <^ 332, In tb« holl<i4tat art lu to form it TtTttcal idiC, Bbovr^^p 
^ u miUxmclcr vthla. \hr\tn^h whicih ihv mj or lif:lit is dirflctod hortzooUl^Bj 
tovraril a whiLcr nullj 16 cr SO r>:(;L ^Jiatant^ In n tlitrk room. About 5 
f»t frum 1faj« fix n r«nicd tlit bj moiiDv of the vlidc^ fig. STS or 374, ^^ 
lht< uooilmi rinji on th« 1ulr*it:o]iD, lu he dtfM-riht^d prvsently. Wbrn iMiae 
»cGotid slEt is iiafr(>w. tbo spectra will bo distbct nud broad vtioaj^b ^ %je 
c«cii bj cfivcrnJ ht cntc^ Tbu f!fl'i>ct of & chcnge Id Iho vidth of t-^ftio 
dUJ^ctlng Uit mar also be tliowii. 

The eocood ozporimcDt la tht' ditTrnctioD caused b j an opoqoo b^cBy. 
Ir^tcn jL nocdlc on a stAcid tio th<Lt it can be placed in tbo middlD of ^"Ba^ 
baam of light comLni^ through the Bitt in the hellOfltat. ThQ ibaJov «^' 
the ncDtilu vill bavii co1orf>d mnr^lnx, and hlmHar bands will be |kprcepiilL^1< 
whhhi the Hhudoir. The breadth of the colored mtiT^nt will iocrt^^^*^ 
with lh« diKlikiioe from thi* wnLL 

A thinl pipprinfnt U mudiT whh n T^nrid holflL For thFfl parposw o*m.fc:< 
o1« 2 uilliDiokra in diameter in ihn hfiliontAt, and in th« scrcDU, f*^ 
a similar one or half the e&£0. CoDceEilrtG banja wQJ be lidt?/' 
aronnd the tmn^e on the naJI, bat they will not hn ^o diclinet and rltar *^ 
whh Ibt? !iliL: ihu tft-L-uiid or iliird ring will hantlj be diBUnguIabnlile, -^ 
ictcoi of Mtraw^pApcT nt&j be ndrarkta^eouAlj saballtnted for tfae wtitte wttJ^ 

Xh«t< pheuoui^uOt Uke tbo>e of interforanoQ, eao bo better m«c throd^ 
lilam 

[lOS] To obMrre the phenomena of diirrnctioa witb aiaplo llf^'- 
colored gTftBflea and n lens or leleacopo muat bo used^ The anther h^ 
aerfr lucceoded i^ obuiring line^ by tlironlug ttinple Bght npw i^ 

twoond alit l>x a pritui pWed LirtMctii Ihr ivro, Tlir tcb.^opo ii tii 
beat oisuM of obflorrjfEjr thi^wj ptv^Qoinvuu; it requirM a magnii^^'tf 
potreror^nlj 8 to J2 timea The tele»copa of the theodahto lat^bA 
and. for mcaaun:ia«&l«, ^e unly inulriiment. 
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[% to llio o^ectiT« ted «f the tdevoope a wooden riop JV, fig. 371^, icto 

b/ ft vttli«r of Imiher This coIUr liiu % flitnge atoudc! Ueg top 1o bold 
^ta dUi b wUch Iho ditTmcliag Apcrturra are nude. 
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Tbe Mtuwing tuTan^cnirnU nni r/knv^nl^ni Tor Inftmctlciii t — 

(1) A donbL^ e1it> as ihoini in fig. 374L A elcndcr 'n'irc b (ix«d U 

rijhl utglci to tho bftn m n« fLod Ihc ijidw 6 lud c urruufz^i eo ua ^o 111 

cIokIj Agfli&it £if leaving a nUt on ono or botb sld4« cf tt cit pbjiAnra. 

Xfte tUdcft ut ^iliout hai/ mi inch hlgb, and the iqanro upeittinj in Uift 

cil«kftl:nio]OHfn«iftO. 
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7} A igr^ai^ tiiiidu by fiuilLMiiu^ Biiveml piecea of hiiiLliiij^-uecdlo over 
^ tt|diiro bo)o^ triUi vpocc* cqanl to thf^vr own diameter btrtirccii ihtm. 
*^nt m7 Im two of tbo»«, ^JjlTr.T^r]^ ia tfjo tbi^lcnottt uf llis wires- 

i3) A |ileoe of Wire gauze rutcined Id a wooden collar b; mctuwt of > 

fl) S«T^il round ap^rturps, laTyiPf? ia aLxe ffoia U mWlim^wn dovro- 
*ird. Thft amfilTMl ojm^h mnj ^ft pifwlfl witJi a npi»dln lu n pi"T*i nf lin-^ 
ftdl pAttctl to a cirndur diNk. fig- 3S2- 

(5) A tiiii or lin-fuil witb iwo r^innd lioE^s nl tbo diMoncc of Iheir 
t^tJWlw rrom f^ftoh olhor, nnd nuotii^T- nllb threo ftp«r1ur» tdmJlnrljr 
dlipoflad Ml lui to ffnn nn t^qi^ilninml irmnglf!, 

(G) A rbonibli; apoKurv, from t to S Ea!Ulmet«r« o& ft tfd«, uid two 
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similnr ones mth tb«ir axtt pttrnUel, nod ncpartLted bjr th«ir breadtli froi 
each ottier 

(7) PinrpB nT hoMtivT, rilk. «t^., «trptph»*i in Urjjec ringiL 

I'hc cxprn'mrnti nui^ be made dtb«T with voaligfat or loErspligbt, but 
tbo Uller <Me «II tbe ftpfrrtiuyB nuftt bo larger. Kor sunhglii tb« n] 
tttmt mnit btr iu?t rcry (!&«'. Only iiunllght run hv iiftMt for «xp«riTTieDl 
will vimp^c rrii orMua light 

[193] I» (uakiiiK t}i€ ex|Knfn'!Diji, arroDgv tbe t4l«soop^ to whick 
voodvn rJajF J?, fig. :tTf>, bas iwtfn atudml, so ac lo I^ltti^ a didii 
Ima^ of tb« aprrturo tfirtiugli vh'wh lh« U^}iL b caicrbg at a dirtui 
uf 5 tj li> paocu. Juavri aoj t>f tbe dilTrftcUag oniui^onivntfl 4«^HI 
nbovo, taldiift civro to p>tic« tto itif< mid (rrotfaff porall*^^ 
tln^ apertar«. Tbo pbononMnaof diTrtbirlioccaayDOirtji. ..... ., ... ..Uj' 

Uiruufjb ttie te1e«copa wliliouL dtukeulu); thtr rooui. ir whiIIkIu be 
CERipldyed, the HkH wbfch paicck tbrin^b the tclexcopc maybo e^iifrbt oa 
ft vbite tefft^ m a dark rouui, and Ibe phcaoiuooa cxhibiUd lo a vboJa 
«1qa« at ODcet Tba do(il>1e flit and ib^ gmilug* nri^ »vtl adapiMl io Ibit 
parpo«r, Iicc^adbo tb^y pcnnlt the pusoiev of huSicleitt light lo iaal:« tbc 
kaage "ttry cbiir Tlic t«Ii^acop« inotft b« drnrn ont bo as to make a 
iliailriot liTiOge of the ap«rtnr« \u the bliitU <jtt ibt; vvhUo Acrcfrii. 

It U vull t'> plwo oTvr tbr voiideii rki;u' tlr^rH'ly ueulhiiiw! a i«(-reaa of 
pariaboard, from 3 to G inditt iu wtdih. to prvTcni the iateri«ftac>« gf tbe 
royeoflij^lLt vMchpaw bwld« tbe uleucopo. Ihi^scr ni.y» an««iuMl bja 
TnDklplif'iTy nf dongni from llid g;Iiu« tn1rr<ir of the helloOAt 

By rn'ruiiUns ihc nciLxlvti ring H, flg. 3j9, an a lOaiuj, ju apimtdagM 
may bo u»<jd tn th{r i>l>jectiTO tip^nm^'ntfl Virsi dumbf^d (J I91-) 

If lQ.EDp or tftu lipbt bG«upIoyod, plncn lh« m^rAon, (Ig, 373, before tbo 
Inrnii, ac llif* diinincy, fig, :t20, uvur tLiu gim ftuiD^ wllb a morobk iJida 
or a round lioTi? at {vm\ S lu till cue (era Iu diauieltr 

InAtond cf admitting tbo light tbroagli a roond hole, it may bo r<4«(Ud 
frfim li llieriuorTti-l«r bulH. u uulirh'glnsh bIhi<k«Di«d <jn Tbe bwldv, nr a nvial 
butloiE ; aud iiiHteiuJ uf a bIeI, tliv n-lk'clltjxi fnjuj a gtiua tuW, blacLcuttl 
00 tb« bddc with Hcnling-iTflx, may bo o»cd, TKcro loaj b^ Htivtd 
oitbor tlirougb \hv i*to^L'ope op with tbe iiaV^l *y«, throagb the dilbactJafr 
nparturt^ hi llie l(iL1«r iruae, tbo tourer tjf ligkil rniut be ai iIh* iluiaact 
cS dbtiact Ti«Loa and the aperture* Ti^ry nmalU Tbo aiai|4eet way «l 
nakinpc regular diffracting api^rttirca b ccctiuaty to oat them in tia-foil. 
RouAd ap^riiLrei a» uiado w'ith a n^edte, nnd <1[14 by a uia^Ie cat vith a^ 
koih otijr H mui><>Lli ftiJpport. 

To obtctie the almplo pbcDomcaa of diOrDctJoo, ooo dm4 onlj ha^ 
toward the flky tbtcugb iho flit b«lire«B the fingen^ two or tbrea Ita^ 
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wUl bo tbibl*, ttbicb an »vim ftHfcbtl; cclored. Tb« same olFecl la pr> 
iaced bjr looking viUi hilf-'Ploiri] rynt thrj>a^h tbn i^jclnfiliffl, or iltrnn^h > 
pUct of sUb, «l B Jhtaiil llgUt -. f.y. tbroDgU a tilk ambrctla mi n dltlanL 

L/.) EXTERTVEKTfi ON THE POU.EIZATI0K OF LIGHT. 
U} UnduIaUons of polarizod li^hL— Tii« cburac^i^ of Tin- 

SikrDS oi \"ihiir.cd li^^lil U vttj cUurJy iliuj^lrat^d Uy ibe apiiuru- 
to' f& 3ti3- It coQHtiiU or & twUtcd voodcn cyliialcr, a» tbQVD In the 

A'^ 383- 




wliicb i« ttira^d bj n cratik. 11 moEt be mode at hard Binl Aound 
*^od, asd cuKtilfy |>u1iHh«i1. A imajbr^rof tlni^lkr. wirev ivrmionLbL)? Iri 
^^ >To puted tbroojrb boles In tlii; tmiuv, mmXq ihotq iiji iind dowri 
*Qon tbfi croak it turned, uid t>y their motioti to represent tbo wmoa of 
lKikrtt*d llffbt 

[195] Polarinin^ appaTEtos, — TJir JiEm[i1c*t npjmmiu* of thw 
^'iidcomi»U in u tuijt^ J /; r*, fig, ^S4, which mciy be m&do of paiiebo»rd, 
^1 ttfftj to the middle At if (X It is oloeod nt B aad i:.' by dtaplirflgiai 
^ilii a pRQlril ftpcrtttrv dioiit bnlf aik fnrb rn dlAinrlpr; lb r end i?c1uhcJ 
•tUb^ly. T]« iliApbraft;!!! at m i* ptmcd & litth way from the end, oa 
*4ffi ib tbo Cfpiro, Thi> ^vholo luW i^^ blrLohoni^d inicmdlj. A kieiiiII 
'*locb, fig. 385* lb* IcwiT nitio rocuJpd to Gl tbe lul*. mid lualbg *ltb 
Mi« opjwr &u ui^h uf SO'^' 2^' ia gWftl intu ibu [iiirl /J C Tbo black- 
«ftfd nirr^r 2>, fir 3SI, is criacnicd u* the upper iid« witb cobblcr't 
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vax. Tvo Rhoirt-Tr lubee A »() /f are Mipp»d over th« itppar end, 
luuQT utifi gCueU fiut, HTul thif mrlrr mnile lo Kiippcirt ii lil^c^kirnvd mli 

7/ butwceo twp burs fi fl'. /' F'. This mirror nnf 
Pig. Sft*. «Uhi;r bo flx*d in ^oron iht lh<i potflncm; ringi^ f« 
f^'luxi, or Ikil^ticd Id » tioai'd mndc to turn on as ucU 
Tbb ciuivr lube ttuil niirrxjr uujr tw rvpbunl b4 ptcMurv 
bj a i.liffcroat ftnalTxhi^ AppAnUn, macb «« « pkt« of 
toarraiiUn or locland Nprtr, oU. Th« vrholo appu^toa 
rta^ Iw frH^tlj mouflled oa a ilftnd, ru tihown In fig^ ^^^H 
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The Qpptrr mirror or tW\K np|inrstui i^nnDOl be «c«n (^amvnl^nllT " 
CTcrj poMltOit. nnil nhtn BlaDding TtrtlcsUj It mn^t be lllaniiiiatcd ^T ' 
lamp pliL'^d on % Icvor fitftod. Thin t« cot odvaningfroiM OT^n rnrOif 
fijndamenUJ tip^ntnenL of puliirlKiitiun. iind V'Ui\n\y inapplicnMv to tin 
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lonlirirfth plaltfi of ciytta); irhca ihf afparAh;^ It tni^lmcd, hon- 
le plftlct «iU cot li« ID tlidr proper poKiiion on th« top of the 
The mofil conveotedi aj^jmratriH '*> ibat d«wrlb«il 1<y Nrirreinh^r^. 
Ibc fxpcT^mrntcr cnn eonMnirt for himself well «DOuff^ If actt Mr 
MirchMC ft oompktv inrtmmcnt; for noniQ of tb« InatrainenU tcH 
iUU ninuo caitnot ti« ni^ ffir air CTperim^nu. The appnralas in 
tn A)r*, S-ST nnil 3S^< } of tho ftaI kIkc. 





cjlindrlrDl rods, miulc riitiDr itf uld, Uiuruugblj aeafloued voo^, or 
I, jtnr fnakucd inlu a block of wood. A rotind of K^uarc nicTor C 
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]a laid over pap«r on tbb block and friftt«Dc<l vrhb broaj btr«. Of ttript 

paper puttd ftroand it. Two cub^H of (?ork iitidinjt (^^vr Uio rode stn* to 

tnpporL lti« iDirTT>r A B, vhlcb lurcM nuiziL-ivhuE riiilTfj on jiji axU- Mutv 

fctmply »till, tho mirror diu> tx: Cicil, njlboot « tn^K', b 

A'p. 3dQ. gnioT«p uQt in the cork» at an nngk of S6° 31' trrth tho 

p^rppi^dLciiUr Before fltlng thi^io i^orbA on the rod<, s 

cork fiipj/Qdinif a wire beul Euto a rl^ijc ftt ibe c«l flf. 

SSO, itf sliii oTcr oiLi< of tbfi Fcda. Thi« mvt U doit^«il to 

hold a If'TiH, tTiP (^itnlK ot nhlcb mafft b« !n l))« axb of lh» 

^ yM ir^-^lntmrui IL h, bowcvtr nol unTrlHl b mnxt eTprrlmeintA. 

Sf Above Ibc mirror ia n di«k of brus^^ w^jod, ut paatc^fotf^ 

^ cup|iorU<d in a vimilBr manui^r oti two riog< of coiL 

Binilt'r'fi lioAnJ inaj Ire Mrengttieuerl for the jiur|)UKO b^ jiMlDg paper 

oror \l. irhicb JibouM be white oIxitc nnd binck bcoM^i. Tbt« ^Tit 

pi^rTarotvid io tho m^ddtu to ffcciro o si^co^id ring, which fi ibowa Jn 

3Si». It ronjiUu of fwn plpcp* popsoi Iog«lhor 

Fkg; 990. lovrrr ono Amnllrr than tho np^>cr atK) perforated vith 

Binallar ttpcrturo, Thi> t'*ij:J5 of the appcr nog ii 

bov^'led off, whu'b i^an bo dono niili n tU M tfao pKBe- 

honnl \% rattLmU'i] i\Uh glue, A i^irculur piE-(<t? of platv glniv b lUc^ 

li>o»]y intotbo flour i^^, A diek oflla or paelcl>oard of tlkOMin«iitt. 

ttiib u drculnr api^rtiiro in ibc comer about ^ linct in dinmotor, M a^ 

prov{ilc<4), unil both El uiifl llii< rlug bbu.'ki<[ii*d. 

Before wltiufi; on lliB upper n\\% Q Q,^ wir< like fig, S69 b fUffJ *"» 
one of tho rodih in Ihc mmo wnj-, A shoulder ia (Itod on Ifao cndfl of tliv 
Todii 10 rooplvo the rlog O Cf. wbl'^h Is Ifppt 1u ploi-e by riof^ of corls^ or 
glni.v] fftAl nfUir ihi^ tidjiuitmcnl of ihe appnrnlim Eh ■»TiipT«t«il, Tbi 
riufi: ff !■ corcrcd xritli wbito paptr ubovc uTid bUok belovr, and mppoiV 
onothor ring tDode eicnoll; ns F F, «ioopt thnt the ftpertoro W the fcnir 
dtmenKlnnii thrAiighiiui; biio tblit npi^jtiin- i% fixrd a ihcirt tatHf /TF. 

Thc n;ig« i7£ vid (/ C/ an divided iulu eighths, wiih tbo tcroiotbi 
plAno of rofleiTtlOD of lb« mlrTflr A mark maJj? on ibe bovolod edj;**^ 
tbo ring F F tctwit nx nn Imli^n. Ttii> nimU^Mi^ tLppanuuK ti tvi in (be 
tnlip /f //. uiid (uadc to rcvulvo witb h around (bti niir of tiglii. 

[I'JG] The prindpol nnaljxbf? upparaluv it tho acoond iiiirror, vtikb 
laiif Ijo miide j"«t ds wm difor^^el for th« oih^r poiarinaj nppanCM. 
Tbe tubi? which t^oiilninii It mar be miiil« to flt i>v«r H H. A ailAt> 
modo on the tube which coiodflo ivith the mark on II H, whoa ibtf* 
mirron aro pi^rAllcL 

Another tnbp ix madr tJi (It In H If, floiied at top tiy n dlok wtfh ■■ 
Apcrtorc large erioog'li to hold one of the toonnalln plRLtc« from l!io tpl* 
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*wnA In bn rlpurrihefl pr«*Titly A mark 1« miA^ !o InJIoa^i* tIi* potllEon 
tbc plolc iDLDit haT« nhtn Iia nxii> lir* In (lie |>THn« of [rolHrUnlton, nnd 
lli« iu(l«x on / i coiadd«i with ztrti of (he dinjiioii. In poilisbcd crrBlalf 
Iklfi pOiltldo U KndfiT r«cognE7«4l by U« prevootins tl>« p«U4gc of ll^bt 
pnlBrixrit bj Lhi^ mirror vl fi. 

AnothcT tab« contflin* 8 or 10 pltitnA of rcr^ lliin kUiwi. 3ct At vt angle 

oC 35"^ 31' irK^ lb« uJi »r th« tulj«. Tbu ia xno^t «cui]y a<rcti[DpUiih«il br 

Attlriff into tbc tnbfi nii<ithnr vh]i?h 1a ml clT u ihk anpio, kylTi|{ iho 

plato on lliU &Dil fpAluuinif ihcm Iwlotr try n riti|C cut nt the nudc anglc. 

Bi(« i>f very thbi K^iiaa maj som^Uiacf be obUlni^d from Lh<r doalcra b 

IsflAKtviire, bnt the/ arf not ort«n whiln nnoagb ta i\}e>w msfflciont lifElt l^ 

pttJCH Uiroiigh Sor 10 i^lntt^ (SlhtAiiitlpJ to ihi* purpusc inayLv obtairifMl 

from on opticlui, Ploiee oelIt Lulf an luch in dlnincter ivill uiancr If 

lATf^er onei Mirti^ot lie hod, Thn tuhn U |>rcTii>aR]; blELtlt^nPd on Ibo 

fjmidQ And closeJ at tbe lopn loaving an ftporiure b qimrtiT of an Infill In 

<lia]tt«t«r> A nuuh U luajif on Ibtf otilaide wbii-h t-uiiicJiIt« uitli tbu eopo 

"vvhrn tbo pJotca arc parallel to the polariBbir mirror. A tube of tliitf 

tcind u repr«aenc«d in Dp. S!^l, 

A fonrih toljo Stllnfr an /f if contnlnit a prhm of lf<i>lahd 
B|>«r rendered achniinAlic hy [iii-uii« uf M:t««^ It U better 
^o buT ihiH priim from in cplicLun, for tbo v?ry facility 
with vhlcb ft jlolda to tli« meani «mpToT«(I to grind it 
X~«Bden it roTf difQirult tn di^ thlH witb I'liaf^tnrj^ 

C1«&r rboiobolcKjronB, 15 to £0 mjUimi'^.Td tcti^ and 10 

%^ lA mtUimaicni broad, aro oiwd far tbv purpoFt^. The 

Voetton U amde llirougb ihe ubluxH an^lc^h of thu rboinli^jhe'- 

4rDa, and tbc p^ cdl o^T rtp1i&c«ft by a j>tn.<e of ^Oau t^f tJio 

%%lll« n\2<i ami ibapn, A« lonland spar, wbhrh is clear 

^AOti^h fur opcicnl purpojEi^i, l< miht^r oxpt-rifivif, tfat* 

^YT^ilaltf M^oclIJ \ro bawfiL ju iwj aIiIi a Tmo st^w. to that WlH pifccji can 

t>6 usod. Tlie ferfoce U (ground vilb itic bnc«t «mcry on a new piece of 

Y^ftto gii*'. And pi)liHli<fi with IcTtf^utcd erooiiu on line felt or cRnion- 

fluiiMfl- Tlie gU^ niijMt l>4* r^mcntiNl to the tpnr with citlorlr^w CaTiadn 

*>wliTf *" ottd the four iidcn ibroujfh wbioK lliti an-tfon U tavh covered with 

Uflck fjapvr. Jt is ^*cll olfto to oovor the OtJi^r aorfaoo of Iho cryttal with 

^ plta^ af Tftry tWa fflass. In nnlpr in proffwl !r. from Kcraichm, C[«imiu 

tioJKBia bardenii by cxpomrc to the air; if ll ii a^R-ady iLuck, (bo pieee* 

lo Im ONQonttd ahoaid lint Im wurin^d. if ibe balenm in too tbiek', it 

naost bo dikted vith medfli'd tplrlu of itirppbtincr. U ri<qiiETi<i Hr-irtfrHl 

Tceks fot tbe bulstiiii (u burrleii MifllciLi^udy lo upci'iite furlbcr npou tlic 

ttjdAla. The (ioM nctuitvd for hardening maybe very Tnaeh hsscned h} 
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dissolvSng ioM C-miaiIk bul-fiim [ii in\ee lu weEgbt of tulplicric cthtr; tlie 
]iiiiL-Ci may thrn bo u»cd ici a fovr d*j4 ; but thJi proc«M lioei doI aaamu 
well Tot microeicopic cbjoeU^ 

Tbe prtkin S^ (ilttfl acpurmliOj into > cork of ibe tbioknm a ft, flg- 399, 
AEid Elii" In»iTttml ill tlie polAxlilnii nppftrBtoi. «o tbat tbe 
norma] llti« to the crjitftnupcrftphic ttx\& viW bo ftr«rijr 
TOrlU'ttiL Tliu pOKitmn cr ihe prlikcipal iactlotr of Um 
rrjKlal nurtit he ImSh'ati^d nrt thn rirUidiT» &ad IbU innrii 
made to oorrcjpoQii vriit tlic mark on tiio polvitiog ftpp^ 

Th« funcUmcnul oxp(!HRifint in polar iinlloa moat be 
uadv Ij tUroKLUg tUci polanj^i-J llgbt un ibe app«r mirror 
of Xhc Qf |iArat(i», whoibor h he Ngrrcmbtrjc^ Of *ftj otbor, 
For thin parjKMQ u oODdlo it plAcod m a raUoble ponition, wid Ihe popUi 
■Iloivbd ta vrntcli niiig'lj llit' ruuTtw of the fl&iue in Uia iTJtrror wtiilv llio 
biter 19 ^]owl/ rtvolTcd orooiid tie aiia of tie upportiluft. Tbc pbe- 
Di>n>ca:n cannot wcU bo exhibilvd ubjoetivoly wilb (he luirrcrH on occouti 
of tbo couii4tiily raiding po^kJon of thf> iitiHg« ou tbi^ volt* of th« roooL 
wUoh l> «f Itaeir aolAclent lo cauev thtf mtvnsitx of Uiu liglii to Tuy; 
b«»id?« Uiat, when moliffbt in tucd^tootnLidi mi jxtlarlxcr) Hgbt rt^nobcK tb« 
veuoiM mirror nnd prodoce« An illuminLUun in uuj poiiUon, With anv 
■iilinr DJkn1> tcr ihc eiporhneikt moy b« tJiown olkJeciLfToljr^ The airhroaulk 
prLim of caic ttptLr in bf-it for tbo purpoic. A «c:ri:rn, wUb vt npcrtnre S 
Tknt^i ilk dbni^t^r rniial bo iaid ot; Ui9 niiUilk slof^o of tlio fij>pftr«tnt. 

ri9T] Tho tourmalin apparatua,— I'ig 393 •bowt tb« »lwi# 
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upjiurata^ on a rrducrod Arfklit. AniJ Ag, 3^1 « dax^v 
pLftlc tt'jtb iu mountiQg of the natural $Ib^ J%* 
pUio.outpar«]lol to tbe optical alitor th« crytfaii 
in wl in cork and ronuntt^d urlih n rim of bnuH 
correAponUtng exu<t]jr to lutblckoco. Th^aper-^— 
tnro ak U niadt «a larf^o lUt ft Jost CPtbfWtf ^b 
rb« plnti*. Tto i:oiL and iho finl*rlor torfiwQ of*'' 
the brn^A framo niu^l bu bUt-k^-ued. Tbn tbio 
indicated in tho tifnirc i* i^ufKcJf^nt. oven for th 
Hglit'gwoft varieij^tt Trurkirpiircnt cryttali, oJ 
llio(i|£b iQiiriT t?o^y, nrc prcferablp, lmcaa» iW 
nvod not l?Q »Jici:d 10 thin; but the dark Torlvtli^^* 
polartio mora p«rfeotij. In ovder to iBRk* tfc^^ 
(lurU crjHUiZft tnuinparcmt eooagh, tluj mtrtt ofttr^ 
be Allied ita thin na paper- The ptttcti arenccurr<9 
&otD bronkinR donnjt tbo ^nndinp by c«mentiD^ 
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J, Thr. plnXn Bittj bft ponnw^ted 

tt^fi^b 8n, and prcti[3ed at tot^b rnd witli u riu^ fittiiib' lliu oiotiatiDg. 

Tho vlaMicIi^ of hftrd-dritvn \>tm» wirr^ wit] Ijo inndeitl to boM lh« pktot 

fMt tind allow ihcm lo tc tnrnrtl rmind with n fr^rtftln dognw of Mellon. 

Thia forni oT ihc appriniLufi u liubh to llm »ljL*[^tiuii thut lhi3 tuuruialiiu 

c&nn<^t be broueht loto ctosc contncl with a thick erf it&l i &nd« morourcr, 

Ibnt Wing on'j supporled bolov, ihc cr^vuL \$ 

apt to fiili onl nficl he Injured- BfHfilsfl Mill, 

tlj« toop are opened by prfBaHrr-n wbiali la 

nirkirard, and U«hl« in DnAkilEfiJl htMiU lo occa- 

BioQ d»in&ga to Uie cTrital b; talMa^ oat. Bdtb 

of Ui^m objeL'LionK luay bi« uljvrnitil, bj »r(tiri^ 

the pliitci" boivnn pointed ftcrciv? b ibt ends of 

ma •IntLc bmift plate bi^at into lonjc^ Fi^. ^1^5 

aliom one «ud of iJiU armnf^crutrit, mid (if^. 39a 

4t •ectiou <jf Llie inODiiLtiig:. ihruu^b ihu bcreuL 

The tonrmnlinii arc Kt at rl^bt ar>glci tfi cat^U 

othftT. l-ig4 3fi:. ay«, nnd 399 iho* an 

^UTKagemenl hj wbich one of ifaa p1at«4 triajr ba 

sandc td rcTolru for ih^ t»k« vf iuHrat^tlQii. 

Tho ring, iip. OTS, lortJa on iho points of tho 

W<: ftwi^ but do«f DOI rfivolv9 in \u onn pUi^^; 

%\m Hnjr. fiir> SSTp Ik inndff to rum in flfr^ iM^**. 

^utd into it M ttL^rewcd H^. 300, in wbif^h tbc 

^o^iriDftJin i« mounted, 

[I9fl] Cutting crystals. — Thebntiiurw 
Xjf lounn&lici tnake^ tbe cuLiing pbl» of il s 
^ficuU opcniion. licit a» it iri ofUii noofeury. 

f n viodjltiff thn pbvnomonn at polarization, to cut pUtc« of hard vtone<<, It 
ia vrnrih whilv fo incur llii? expnnKi* nf the nfiL^vnnij uxrunf^eijuiil^, 

T&ke a circular plate of copper, ohout a line in lhicknc*i9 nud 5 inohc* 
in diamaUr, and throairb tbo center of It flrivp a t^pflrin;? cquarc iroti iirf«, 
«< in 6g, 400. TliiK i« ohhrr f^itipnvti iiitc n (rbwlE on tbB 1alb«, or 
workod ifltli a roller and bowbtrJI]^^ The dibk diilsI be ]n>>and off 
t« ft thin odfce.* A tin lrcu];;h, like fi^. 401, raatt tbvn bft mad«, 
largo <fM>D^[) to iMlTait tbv or>ppi*r pbiio and «nibriv^ nhnni J| nf lu 
«lrCiaaiftr«nC9, It abould ht^ ^j,vii <m ji Aoodrn Murk with tkt^ i)\ivmng 
toward the aorli man, the copper plate reaching nearly to thu botioui of IL 
Id tUa troagh U placed a tbia pasta of em«ry and oil. WUli a |3]ata cf 
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In tvrahf lAd tfjichif copfiBr i< ili4uld Ih QAUiandj wc«L«d niib tio»p>ada- 



Uiiii kind. tourmtiUiii uid othtt liairt] mlaii^rala mtj bo <nt vltfa prcu 
For fcrladiitjc tho plAtcsv coror a biwk of irood, abotit 3 iftebo* im 






r, with «hcct copper, mtdr? liko tbc top oTft box, and KTCwthlsM 
iliD ftf iuJIe of tbu lAtlic. A belter aud more d«^riblt ftfT«og«B«M fii lo 
haviMidKk or thfliditft nnmHl Targt^ci oot of i^pper. «iDd ft Kr»w aoL4«rid 
iuto Li vbirh Gu tho PpindlD or' ibc Utbu i or, more ciiDplf itil, to 
the lurfiu^u of the «opp&r, h<TUl tt u&tU •ealiog-wox mclu on iv «ad 
eemeul it to o wooHi^n c^hnck, 

Thla copper iHik m qow to be tumud to n prriVctt/ plftM sniftcB vltb 
u iLlightl; coDTcx c^ae. Euiory ia nuppLifld tu thin dUk bj a riDe like fip, 
401, ood lh# orr4tnttin« pUt«« atv gronnd iTuo on its evLndrloftl oJgv, 
making Ihoir mirfiu'e iilnau a IHiltr coTJci»i*rDtlwT t^iktiroHrrx, vhlcb Ui< 
shapo of the wbccl rotUitELlve- Tb^ plnle* brv cumoalcd vriUi K*liiig<v&i 
to coika ia onl^r to hantllo thitui nioro niLsily- 

When ouA mrfkce ha.t iho proper vbopc and dir«ctJoiif ivmorft ib« nug. 
dff. 401, mod OiiUb ^n thv fruat ^r Lho wbL^eL Tbi; wbeet niual Im tonni 
rorj nlonl; »(id tfmoc? applied wlili » irttck ; tha CfpitAl diotjU bo tooted 
in eplojddldfr otiv tlte fiiTfAcn or Uk; vehcaX. lud its »iirfheo ooofldnlij -^ 
lolUd by li *tcoE nilor Fur polUtiin^r. iht* wbt^H cikiitibircaivfUUjFclflBAcd .S 
And flzipr vmury njjpbtd. Hiid the (innl polbTi b |p¥on with the fitiMt uinerj ~^ 
oa plAlc gtoM. jV«ilLe vnliidof tbo pbito dopond* ontirolj oa the ocoiinrf '^ 
of liw griodiDi?, orw muit not ipAM Jibor aor ptUnf. luMqaftlilfet a»anoC:= 
bo romovoil iu p(1lIahtt]Is^ aidi^u the 8uljstftiice is quito aofL TottnuVo^^ 
b loo Imrd lo l^f lerouod smooth on h^ncft of onjr ftor^ and ot*a qovu i^^ 
oqIj itUichtlr Bfoi*t«d by them; with j^liu tud otbor loftor nbtfw*^ 

ij luiUUte the woik T«ry mvch. Snr^i KohAinnrra nro pnlbhtil on Uifv 
[ahlD|^ wherl dfw^drii'ii under the arilijlo ''pendokm/* witli lh« old «r 
tt&tor OAil eotco^or applied ot Inal iit^arly dry. 
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incalra U£iu11f orcnnt In prl^jriM, nnrl the o^Jtic tixh If, l* in qna.rti, 
Ik) to tht kngUi. Tho crxpcrimcnt vritb c^roHcd and pamILd lUCCf 
iv b« marjtf wir.h nnv ibtn tran^paroat prtsmB ^thont <'iitt|n^ tltt^. 
All oUtfr bftnl mlnnrvk nm rnt tn Ihi^ (a[n« vay. Softrr MihvUfvo* 
grmniii on gl»x* it^ith ciutrr. or else on n hotm, A Gnc follow oil* 
»n« (atHVyCulito) h •looUcat for finii ^Qilinf- Calc epnr i<( apt to 
lie vlwn mbtiftfl on a tton^ nr on fflou vHthnitt 0i>mn rntttrF? powdor. 
dntntwicui fr}m\t are jtoltibln in ytaier taaj In? roiij.'hlj ^ruund witb water^ 
b«t ih« fiB« frindbc D31U1 bts il'Jnu urith vtL The poliahEnjr ^>ould In bTI 
caN« be done at ooc«, AU HnhEtancfff nUI Tio&r tbo appbcAlJOD r>rAiDora 
or Ian ntcltt puluhing powder, wwvpl KUjfnr, whith mud be irvntwl qnho 
dry or aH^hlly iDoUuntd with oil li u be^t alwap to iiolidi on tli« 
lotbc. oltboiLirh 9oft nnbfituiccfi mav bo poluheil with K»n|cs aod « soft 
linen r>g. 

£199] Motmting tho crystals. — All Uiewoi^eUl* on* to be fiei 
in Mooothfj pared or S!cd CQTkt>. but little thicikcr tbnn the cririLtaU thciD- 
««lt«t, and ttrire euougih to projL<i;t n Httia way OT«r th« etljfet r?r tb< 
CovrvAlin ungiL U U a good plan in loiten tbo rnrkc tn ringii rut Artm 

VlalfA nbich nrt» rtfry thtii «i>d rrDKi^*^. Aa^k na mk-a and KjpAQia. or 

d^lkgnr^rmt nr Hnblo (o itooonipa^lTVin. hncb a< KAhp(>l«r, ingit, ritrbon- 

»t« erf lead. etc.. «!i(iuld be ccmoatcd vhh Coiinib baliuxn betiiveii tvro 

pht«« oT ibln jrloj^ Th« wjidc troattoeirt b ■dvaaUiceooft for al) crfauls. 

Ml It incnvaftet tbdr tnmcporencj ojid coovpftnttUei ior inoqaolilici in thu 

pc/liMi. A drop of ihe bnlMtm ii Utd upon ibe g1s«, tiio ^rritu] «et 

*dircirlw OQ ii and j^roduall/ presMd duwu ; &fiorher drop In Uicn bid on 

U(! Tipper lurfoco of the ayslal and tho tocond ^lom appliad in Ihe micil« 

*43r. When th« pb»ie Ii thin, the bAlun filb ap ih« ftpaee belw«en tlie 

^'■•■M complftelj and ceu^euta ihcui lo;^Labt<r; but witb lliii-Li-f pkte» a 

*>Hp of papor should be puled arDnnd the ffliMCJi to hold tben. at koat 

<EOtll ibft hntMin bardooi. One «ide of tbe ^lou nLoald Ih} co^Frei vith 

*^it« and ibe othrr Hhh blark pup^-r. wkh ii|inr[.iiTC-4 of thn Abini! iii/.i^ ai 

"* mineral I'he block !<Jdo in alwaji t^irncfl toward Ih-? obaert^r The 

iUKix« of the eutidtance and ihit poKitiou of the optic astiA dlionld be written 

** tJie white fAptir, or tho cork netting 

(jV.) BXPERIHENTS OK DOUBLE HEFRACTTON. 

CstOO] ller>re ciiklaininflf the lawn of double rcfrootion, the crTfitalliuif 

^^tm tf t>ale tpar, nnd the in-^anln^ 'if \hv ti?rrQ» prindpnl «e^ibn lind 

^^TtltJ]o|fraphk axln. rniiAt be rxplnlMpil, Foi' tblx pEirpnf<c u di>ubk »ui* 

<^^ pTtwnid of wood, obonl 4 to G incbuii in kngth, \$ n&cded, and 
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a mmilor one, vith tb« bos&l oJjecs tnoc^ud, •nd * rfaombohedroD 
al)out 4 lnch«« iqDarc, v^iili the mifrti^t T4^ 55' iiiil 105^ 6' Hut 
OQ thl« rhomt)obr(1r-oii li)^ priiicipLil ■■rfL-ilLitj* and two olhfra parmUcl to 
it, Mid likciriic tno othcra nt rifc^l an||lc« lo the <f7>tAlloir'"phfcat 
uU, and cut tb/ongb Uicn vitJi » tiuc ww. Fi^ i02 r^^nar^xs 

snch ft rhomboltedron. 
Fig. AH VwU tUdk iwpcr on Uio 

cut r^c» tr> fil up Ibe c«t«» 
bud drlvi^ lo UkJ« pifu %M 
hoUi thi? (wru tog«lh«r 
Drav upon tUv pnocipnt 
Aootiou vid IhoiO pftTftlM to 
ll Ui« liirwllon of tho aiii, 

tlon of the ordfaftry And 
extroordintrjr nji t» n 
iliiiiUlc rQtl>-*vlfrd raj oflli^^ 
b» in fi^ iOU. 

t'cr vxperitDccnto with 
tfile 4par It ii otily n«ct«Mrj 
i<j huYv lvM> u|ipoaile UcH 
ckac tnd Muootb. l>oubl< 
rtfrncttou b muoli mort 
liJlUeiiU (o olMerTs Inqouu, — 
hccan^e of the nofnTonUtt^^ 
p'MtltOD of tbo licu «t 
Ti'^anl to Dio juit. Rod t 
ptcalitir gicoTtDK of tb 
m^noroJ. vtiicU ob«coKS tk 
«ff«oL Ii t« \tifai t<> ^rmd and polinh nit the ficei of tbu erysUl, or 
IcMt two wMi^h uri! noi ui^Jiu'Piit usir pariilid A i^rjhUU puliabvd tn liiis^^^ 
vnj ma,j ho uifld tA a pruui. ui two «poctfa, l;Ioi; tcrj dwe lofOliK*.^* 
produced In ft (lurk room, A prjflm taxdis of u fragment of icclaod t 
■hovM Uic dou]>1v rufructiou vf?rj vrll in a rhrk rociui, l1i« Rpeotm 
mUtlj aepnratid. 

[501] To vhovr the rciatiro poaiUonfl of the two ituoi^td, laj ncrjtlft^S 
of lecUmd ft]iar ou whito pAp«r ori>r a bLovk Un« not ffo long u tbi^ 
ilhthrire l»vHvi?eti ihtf fioagea, which will d«jwud on tho Ihlrkauu of ik€f 
cr^stAl The ljii« muM ho purulkl to the p'inripjil vcction of tk# 
Gtjvttt Sovcrul ]]u»au« may tea Cbo phouoii)en& ni tha i^iao tii&ev TW* 
the CTf^iaV wfth the pnp«r rIovIj Bronud. &> iha( tbe principtU sortioa 
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frill bt lottird oaj-h In tnm ; b; will thm Jtf^n thi? two 1fiii?ji ajl one i^uit*- 
tldsnt liuf. nliilo in cTcry other paiilJoD one li(i« ni!l grnduollT' niTolro 
vonnd the othfr. 

To diow thr> polarlxtttton of tht* twfi mya, rorrr Uic pnlnrlKliiK mirror 

of NiitttmlKrg'a u|>|>]Lraiu?( viih wliitn pupcr. and luj cpim llto auppurt 

ihUio middkft«c(xcn wjtli ariapcniirc oiil^ 1 iDilUntcicr m dl.Kxi tier* upon 

Thieb pltco lli« cole spar. T)m Mporturc in ihit Rcret^n maj be lurffc^r Tor 

iMclEer rryatAlfi. bal lTj« t«d Imu^^ lunsl tut ctcd parliallj cater ourh 

atb«r. Urinif t)j« jwcoud niirri>r jxi an aLalfser, wlicn tbu plaua ofreQcc- 

rAm of tfao otrror it p^rbllol <>x nt rigbt onirics to the principal ftcotioD, 

"nLj on« tm«^ or tho aj^ertnre hi lEie icreon will be vlKtbE^ ; but IQ ererj 

otlicr pofitLifa IvFo. ^vEjiirh irJEl be equally bdj^bt ivhvii Ihd |iruii:1pul tfclloa 

Oicikci wUli th(- plane uf r-'ilcctJoti un uof^le of 4$°, 

Tb« i»in« r«hnl: is nbrnln^'cl bv puMlng p'>]uri£4d Itfrbl tbrougb lb« 
ftt^wm, lUiJ Yirwin^ it lliruuifli n I'rjxiii] i>f kTlnnii npar Upon Ihlfl l4 
ft^unJci tbe nae of calc ipv u on ADoljEcr, u blrcad; described- Wb«D 
i»EspIahz4d NjF^l Ik tbun viunct), two imjii^oe arc 80Uq ta f^vurj position, 

Tg tbrtc oxpchincntM mny b« luHoU Ibiil of llaygcnfi, wllb Ivo rbcm- 

t^^>hednniJi of 4:a1c spar laid ouv vpua ibc olbc^r, One nf ibcse re«ta upon 

^ a&bcct of ubilo paper wlih liluch «poU> vrbik tbe otber in lurncd round. 

**^ Ibftl tbD principal tcclionii make (ti<^:ctEivelj gv«ry au^^ki I'roiu to 3C0- 

^S03] Nlchiiri prltm furultilieH &» i-x^'dlenL muanjt of obHorrUg I he phe- 

'*^>iaco* t/f pi>birir.cd lifthlH Two of tbc*c 

T^*~l(m« moantciJ on cork in bniE* tubcn^ irn 

^^^wrtbod fonbe tobromatle prUcns of cdc 

^^>«r, M!t like Uio loitfmalla npptralus In 

*^^li>winj( licfbt ta psu only when tbdr 

l^«^ocipBJ sectfoiifl BTO parallel. Tbey 

^*<i*w«, ttoreovtrr, ll»e gr*ftt niharLlngj^ of 

^^ann million tnore: litflit, bctaiiAc tbo mn- 

^^riol u colurl«rr4v TJitf cofal or tfii^rio prisma 

^iiri«« vltb tbe els^n of ihp fid[] of view; 

^ej aboald unt be Icm Ibau I cvnti[uct<:r 

^d ft ekU^ A pair of Niotiol'H prihn^ cnay 

h% lootiDtcd cu H«ti in lig. 40i, Tbu pmmK 

^th tbdr auUiit^H arb pu^Eii'd luto lti« 

tldatic coElart m m, antti ihcy touch the 

ttoBftting of ili« erf faUl wbiu^ r«iU in Iho 

npport A h. 

The price of a pair of Nichols [Jtismv U double that of Uie tuurujuJiu 
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(A) £ZP£aiH£NTS OK THE COX-OHS OF DOUSLT REFRACTDVQ 
CRYSTALfi ISr POLARIZED LIGHT. 



4 



[303] Colors of films, — rilmn ihlu i^nou^h fi>r ihijt pnrpoco 
difiralt to obtntn from nny roliicraTe but mi<-a nud ftcleattr; tli« Mleni 
flrom Moutmfiriri* cnswL^n btjtt. It ii nopcsfiarr lo hn»« oi« filoi of 
dderoblu ei^i.*. s^ ii« bj culLJn^ {l in tivcr (o tibiuJti Lwn fLlmit of ibn iwn«» 
tbttbttcM. Thcj ihonid bo left tn tbo rZiomblc «lui{w iuto vrhicli tbtj^ 
QatuFRlly cT«avc, iu order the nora TcmlHj to doCormin^ tho position <if~ 
tfa0 nxh. 

The filnix are cpmrntoi irUh Cano'k UiiIbwui bvlwtftd plwlea uf etrnv- 
g-lfti^ not over an inch lu diamokr, nnd in^mbt^d witb tlic <'oUr of 1b^ 
Alia, [t Is cliOlnill Ij> grhd oilier uiuoriiJtt pumEli*] to tbc oiu ttkisk 
tooir^h t'> i>lmw tlin < ninjv. for even in quartz the fllni mafit be leu than ^ 
of ft inillimctcr in tbickncspi. 

It is «afy la gritid films or eelenitc iuto a wed^ Kltape bj tnhinf; ft filivB, 
^10 j of d mil9] meter In ihTi^knoflfljkjIngll AAtiipnn i\\9 polUhlng-whe^'l mi«3 
pTRSBJag jlrcjiJt^l)- on uno t-^d^' imtJt it h ^roaud cifT Jinil tW rut hnrf^p Ltf 
About I cenUinotcr broaJ, TbaMu lilmo trt bIso covprH w^tli filoaOL. To 
obUin brotuler JiCmK, t^nmont n flim ofu^Unito, nbout ^ (*0nltm?ifen it\var^r 
to ft plnlc of Tbin ^\nxt, and ullow thn bnhnm tn bdrt}f.'ii, whlf^b rill 
require touK uctKfi. Tbi'ti fub sumc tm«r> i^uitt? fini? wilb oti^ |iiece ^f 
glof^ tipon anolbor, niid en thlE ^ind 1.h<^ ccbinilr ua%\ yolMi on tbo nhc^L 

[204] ThooxpuHmi^riittnuybt mlK|0W|d1N<'»TTL*nlbfTf;^l ApponUofi^ulD^ 
ibe mirrursA uu analv^ei. Tfic Glmn ure laid <>ii tbe Luid<l]« KLaf^ io «ud 
Ik poAilJon M to obow ibc color^i bi^^l, and tbc upper rafrri^t H rcT«|rod 
bronud tbo polati^oJ rny. The L^Dlori tccu b pjpjun], vhco tbo tsirrof* 
Am at rigbt >.Dglr^it to t'eu^h or1i<?r. arii t^oniplenti'titAry to Ibo^e 4Ma »lih 
ibc mlrtors paralkl. The middle if^irp mosi bo iDOTablc, to accomuodflitf 
tbo position of Ihp filtni lo Bhortripbtod persons, 

Pilnj* uf variuUe thk'kn^M Dxblbit mingLiid i^ofois: nhen llie^ nrr 
wd|^e libapod. tlJF'j ehdw N?wton'« rlng«. and In bonjijcnnrom lifftt 
•Jtcmato Itffht and dark baud*, Thb U Tbc btft moan^ of vtudjiocl^ 
mcccaion of E^ctlor^ iu Nt-viotiVrin^, IfEbi' litraof lolcoiu b« notvcw 
enough If) tnakit ibn ro1nn-d bitndi: lolnraMy vrkW.^ (\t n Irnn In thorinf 
bolwcru tlti^ nppcr nod lontr itagc, at the right di>t«Tice from tht fl* 'v' 
dlAtact vUioHH Tbi!i aids Tcry much nl^o in detcmiulog, bj mMait' 
% nnir^rm tloi Uid oror a u-f d^c-.cT^A^wd onf^ with thn ctxit frottad, «M 
rnbim fif lb* Inltcr arc nhMJibw] bj ihe forrorr, in onicr to B>ci«t«ktl 
wbnt order the color of tb« former IxjIook?' This invcttipuion 1*^^ 
&clIlULi«d hy hpnsc tbo nuirorm ilLui over Iho other io incli a wiy tbtf ^ 
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poitfon oif the latUr »hall project ^ror the former A slripc of the color 

of ik* uiiiJ'orni lihn will tbeo oorrospoud on taa unvov«]vd )>Drtiva to 

lb« ipotvhich flpp4?ar» Unrk in iht rnrt^ivi cpBcr . TIio Rnrr^fston of tb9 

colors i», ttccurdbs to Newton, v, UiMonn — liluck; (1) IjIuu, whtl«, 

fv^ltow, red; (2) rji>]«1. Wu<w (rrtea, t^J^Iow, rod; <3) pcrple, bloc< preen, 

j-^Uov, red; (4) previa n>d; (A) Nao, rt>4l^ (6; Ijlao. rxl; (T) blcitf. r«d. 

[306} WLen ttic niuiK arc ItJd [ipcin vw-b iiihiT m tlint tht ciDrreiiptiniJ* 

iK»0 plAUCtf uf oocilUlion coicciJe» lb« color b tbat of a film cqu&l b 

ttei«kt)t» t^ thc^ sum of bot^i vhan Iho pianos of ofdllfttioti cronn oAoh 

<*T Iwr, the (^obr i* ttiflt of u film equal to Ihc diffcr*iite <*f both, Thu 

f^AratglieH Lbe iuveujb uf di^tiI|[^uiJl]lELJ^ tbe dilTvrtiLl pluuev uf ij^^JlliLliuii 

^Xncadjr dct«TQiD«d hj Uio IoIaI 'li^jippcurancc of colon Th« corrc-ipond< 

tok^ pUQM in ftU tliQ DIxni: irhuuld bv mjirkcd en the mouDiinff^ Whim the 

■•crlraiiMtJc prfan of Il-^tIsilJ «pAr in uii»\ aA an aaiiljzer, thifi llliim it[ipe4r 

4^«bk, tJie colors of the Iho bcinif cocnpleracntATj- As the prUio U 

t<»iwd, tlio colon chon^, and nbon the tvo imuf^ cortr «Mh oUiM!, 

lb «^ ftppear white, ThU It a. good xray orflsreflulnlng itie right poKkion 

o^ th* priu) la titn tiitif^ thfr pi^kol. not, nppcjirlu^f irliiln iiLtli!^^ bolb imagtra 

ft-v* cqnoUj bright When this U ncii the coso, the prbm oiueI ho inoTtd, 

llw oCTcct of n ^ichors prism is i\iq aame d8 Ihai of lli<; uilrrar, 

Tbe oiqwrimf^rilii maj firen ho niAcltt hj Inylnfc iho Almn on n lohle near 

^'^^v vindow. Aiiil |i3()kin|F ai them ohHipjdy through au uiialj^tr. 

[sofij Colored rbucB in crystalilDe platOB. cut porpondlcukr 

^^^ ih* axl&^C«lc apar ptands before nil oilier KDbEiiinc««. A Tory vfnaLI 
^%% unihnhiMlron in lufHrk^ot, amt it fiuMlllntru tha grinding Ter> ronirh to 
^^^5>Tc it mto ATccLitardiflpt^, lonvuiifiiiv ili we odg« which foraithooUmje 
"••■^ilit cqiiAilj loni^. 11 im»&i licmroiiutl bj vpryicontlo pr&ssorc wviih emery 
^^»> A glau pinto, hj; ihn tornotii tint npt lo hrcak olT, Tbr iihinomctiii can 
**^ obin-rrn) *er>' well ivhfln tbi? lrmiigulfl.r fat't- ib not over E uiillimoitta 
^^%) • s}de ; bat iIjc thicknc«« mutt not exceed t } Hnc«, Qtberwinc tEic rlnpi 
^UT» too »tnnll n diameter 

The iroIoK am o^tily obxprtMl throufrb the lonrritnBa lopgi, by la^ag 
Mic cfptnl betwfpa the pluios. The crptal vlmihl ho mounted, for pro- 
t«cticFit« in cork a liUh- ihiiUr than \Uc\L The appcratiia mu»t Ic brii 
oioM to th« *fc, toviird the ekar iky. Th* er|>oriiQenu with honiog«iie- 
UM light may Iht enndtf either thith L-u!uied glUfeA^, or by th« dU3C of n 
<pJnt"lftiDp colored vriUi commoi] ftalL 

8«iphate of riokel hiu a cjvat-ii^ porpendionlar to ihe ttis, vfak'h 
Duk«i it r«iy toobtafu plitluk HiiUuhli- fur thtt purpotn, Tf lb« cleAFAge 
lim Bn not (jttilo oven, tlicy cDfty tui[j be iii*de eo on th« polUhing- 
trheH, which mu«t tiot bo very moixt. 
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The Hiif^t nmy bo mcq terj well In |)1ni«f M Ice tA Inc^ tblek, held (o 
tb^ tourmultu tuitga. 

[20T ] Thcplicnomrnft Ri*f bp •hjwn objpciWclf v<*rf bMntifDlly by plftc- 
irig tbti 0171! aU b«Cw von tho icuritintin tongi, oTlitoorXictiorjpriftniiifttbe 
focuB fifib^ IllnmlnaUng )^Iim4 i>f tfao lular taIrru«i:o|M, withum any oMf- 
nlfyba ([liwt^ oaij cfttcbing l^r imairif en a wljito htmn To at-qI^ botdfaf 

vltb a tUt 1b the aide to receive thf toDgc nnct il f^prln^ lo hold cJmb. 

Fl|r, 4IJA fxblbiu tki> 
^9' *<*^- ftTTiuipcnrat To see tbe 

n)i^iutJioordiiiiirT|>'>f4r- 
iKinjr njkpnniTni. llir ^ry>- 
IoIa iiiuxtbe placed ia iiD- 
modi Ate Ju X Lapcrti 1 i on w ilb 
tbo nnalyier- lliU 
tm dnnn iHih thn prUmvi^: m 
bat not wjlb lb* mirroT- — ^. 
Jti Ibc laUi^r eoM tbe ri cy ^g t 
Tuny bfl ohflcny-d by Injtn^B ^f 
A TnTtJi of 1 in If inrrhcA forn) di'jitAncn upon ibn micHle itn;^ i>r thv puU^T^K^ 
izing apparatus fociiif^ tbe cryaUl in e ring abntrL^ tbfa ai the ti 
distAOoe or a little IcGa, »d a aecoad Icne In XUts tnbo i/i/, B|f. 3t»]| 
on.cUj ItR focftl dlAtAQf^a from the erp.tsd. The ritige can be »eiit bi' ^ffil 
leM diKtiaclly. wllb tlio lulier leus nhmv. 
[208] AmoQff th? biaxial crystals, ^^Mt aim ma^e so MttU 

nnfck that oai? cnn ]f>ok (jnrnllt'l to bcih bx<4 in n plain cut porpimdJCQl 
to Iht tueriili&ii irne. Bnlljieipr \t ibi* ^.Mily uue ^leriilty kt^L^i^tBlMtr. Il b 

not difficalt to fiod jcifta^y crystaJH gf fafficifluL tbicku^ca udberiDg to IL ^' 
itidui or UrAor eT5>t4le, wlilob Are ujiuolly poroan in the cRnl«F. Tbi^^T 




p^g, ^06. ™**y be f^ucd on % h<mc or t>n [^pjui^^ 

ItIass^ putiAbfld UH iuuaIh mnil ibL-uL^uim 
od bctw«eo sfiatf. A iHickAdu of 1 1 ^^ 

'i liaea iff n4>ovijfory in order to exhildt * 

or S t^hiAfA rrirvi^i nrriiind riirh ailA. 

AmonK; the crystnU whoic exM luu^*^ 
n ronftidnrabEo Angl« wltb eaob oUi^''> 
KdetilfpiUf^rAnilrbToiuatBofpAtAibB'^ 
monieaailj hod. SvleulieoccumitiprifO" 
i>r plAlos onoJ^rabiethidrnoHuiid poricr 
Bendei Ibe priot'ipol deAVftge p&TAllfl u 
the optic aiIa, tVicre Are two oiberHj m nt and n n, fig. 406^ which givf tbr 
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rhombic «hapo^ If od« or IhoflC i>tat€S bo ploocd botwetia th« 
fie, with tUcJr nxci croiitd, aad tamuJ to one of the two oppo«fte 
pinltlotM ill whidi i}i> liglii t* irunsTMltttfil, tltu Hfi^4 of the lourmftUEu wtll 
corvxitpoad 1o Ibc tifo Iluca a o, A & t>n ibc ec^lcnlLc, nnd on« of tlicfo will 
m^e with one of the dfrcctiuiiA of clcara^c an unglo of 1^^. ThlB lino 
bU«0U ttie ongle of AO^ which lh« opllc 4X«b i.! t^io i^Ientie if » nnd w 10 
atftko wllh oaeh othor, rtuduriu)^ il easy to nittfk vhcir poMiiott oa tho 
plAtc &*ir oat » plata of Klonitc* 3 or 3 Unc» nquaro. ptrpcDdiculor to 
000 or Ue luva luiU to tlv filaub of boih. wrap it srounil with strong 
wttxed ihrtHri t>> preveut \i fram 6|>lltTius, hbd grind ftnd pnllah It The 
tliickc»l ^UUv4 iiood uul cicc«(l 1 ll^iu iu Itifc-kuoM. Splitting 111*7 '^^^^ ^'^ 
prvT««t«4l by cfctFiiting the iilnto «Lth <'ftnada balsam to glow^ 

Sogiir crjual!i£«d kit priiuii trjriaiunleiJ Ij Iwo aloptug Uce*. Tb« 
cLeavBgo blacli Iho ftAgle fonued t^j tU^Ae fHfOft. The di'ftvn^ Tho'h are 
Dot Bnooth caongh trithaot bciajf paiiAhcd. Tlic rock-caadf of Lho ohopa 
rurnl«h«« crjiiulu of BvOkioat parity. Th«j muat b« protucted by glua 
Wtw» tiko ftclloa of ibe afr 

ClbTomBto of p9lA»h cloftFCH readjiy purxllnl to tlu! hr(jA(] ttv-.ii ut the 
prisB* nod ooc of Ifao optic ax<^ h nearly pcrpoadi^uliir to Ifait ptaat. 
If «iK<«wr«] in apliltiog A AiTiooLh plulo. j to ^ liuo tn ihlchnoos, it in&y bo 
tu«d dir^tly. If It Ia oi^It ;l tew llitnt tc^iiAm, If n RnllAtilp [i\rc« rnnnot 
l>c obuiunl by NpliltinK, il nnjul be cut wUh u kuiftr oiid poHnhcd,* 

[^iDS] The bihnd» iu cryatftlliuu p]ai«a t^ut paralkl to ibu B:tia can be 
t>#tt toon by the Homo of * spirit-lamp no1or«d with snh, (q s d&rh tooHL 
l*Ut«> of (?k1i? Dpiir, I linr tbirk, aKhw Ihn hyprrbtdju verj ditXltifiU, 
^Wboagbtbcliocnarc fioc; qiiDrtfcryiitniBmL^y bt much thicker. CryMnla 
%• thick M ODii'tt Ihamb show toli>rubly dUbnct lini^K, if two appoaltv faCM 
Im poUobod, AD tho Unan Rtc apt to Ix irrr^lnr, on nccciunt of Infqoa]!- 
%hn In the fttrDttare nt tbe crysLaL VluXcn of M^lf^uitc; 2 to ^ liiir?^ Ibltrk, 
C jchibit thfl lines mosl bfrauttfully, 

t^io] CiroulAT p<dartzatioiL— ^Wo aood for tbii, b«iiid«H pl&u« 

of qniutx cm porpondknlnr to iho nxlx, lind I to 3 mll1imPE<^n nnd np- 
^«rd» m tbickiiiiMH od lliB uioEiucbnjiOhtitr plutca uf ^ypaum ulicutly 
ttamliociocl, very ibin l^lmi or mti^n, w^ich will sir'ikrccly Jouc tbcir nhilo 
QoJor by (bo rot&iion of tho mirror of tho polnriicopo. FrtfmoVi poniUcb* 
pifMilft moid bo parrbji^ctl, if Ot'Nirud, fiojn wi opllcluu ; but tbi.7 uro iiat 
ficcTOWy to »hoir (ho principal UicU. 



* To ■ffeel [h« <1o*TfejE* of Ji «ysl»t Uj n VntfB c^Sfl on Ihe oryitftl, panllel to 
lb« 'f WcUna of clBfti«c«, aiKliirLkc n imari blon irlib n tmftllBtfel hflHimcr. irtho 
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Fig. m. 



WbutUur & cryttftl of <|[ift]'U poluri^m to the right tyr \ttt, UiMf H 
ilettinnifieil by llie HvcondEiry irniH-j^lfunn ftirv». vrlJch rv|>laco tbo roftivri 

rotaldi to the ri^lit. Cficoo foctji are dinctod downwarti nud from hft 
right, Mid vico vcwa. The apirab raea by riewing io|^ib«r ft righi 
ft led roUitlD^ plftte or tfie namv thfckneM tbroaK'li ifce tonnnftlli^K^ 
can be cihibilct^ <ilyr<:dvc!y tn Ihn mnnncr [3i^r:r|lioii in 5 307r 

[ill f Circular polarization in hqiudfi.— Tuke a s1«sb tobok. 
nbout bftir in Incb In dlftmeter and an long n> the polarlsco^te w\X\ a^IiuI^^ 
^riml uiiv eud stQOUtb and f^nmnnt to ft with ipa]inj;C'Wax & T<knnd pf<v« <»^ 
pbklD flow, flttintc iiito tbc bircr itof^t of the imtnitacrit^ Solaiiofts o^ 
f^am ftcd tuf^ftr vtrve t^tptt for iilluBlTAlloo : tbe former rot ttvs right, ih^ 
lAttrr lol^ Th& tiihn an^l thit pTcJ(u*c1ng nrl^ift of t^« 
hIms pint? muvt be blackened. Tlie dc|>Ui of tlie ll^initt 
in tho lube maj hv loea^tiTcd i>y a fj^raduftted r<)d- 

To lulupt ihr tiLbn to nny Iclnd of Ifqold. lbi» ^li^flV 
pUtfl muiit be t^riinnd more urcurftlel^ and kept in plft4?«» 
by n bnuB collar and cap. at aot^a id fip 4QT> 

[^13] Polarization in unannealod aad 

PTG880d glass. — ^"7 frngm^iil of nijDnaeiEed plai^H 
wiU ftftswer Ibc [juipoac , biu of Uulogim Qubka ^tounC tu^d polisbcd tf^^ 
well Or Iftbo ft piece of plou gluts., abiiut an incb Kjnftrv, Dx li In a 

tttiujT of wire ftwl be«l ft 
.^VjF- lOS- ^rudiJiilly rtd Lot uver ftcu«J 

fine, opd Uftre it to cool in 
tbo otr To itov iho pli^ 
ooniMin Til pnf*h»'it ifUM. iruke 
ft ^Ot fafnM fiftioc* nch Ik* 
IB tibown in Kfr- 40)$ in oolxira) 
tite. A niod«nt« )ir«Haro 
wJth r.he tuirtw \% miOdBnt 
lo iropntl the poirw^f pol*'^ 

ll4ti0lL to A plfttO of fllB- 





Et>alftl mirror of NQrrcmbcr^^^ ftpparatu^. 



All rbr-<n pTjrn^ia«nttare*t<i> 
ou are laiiJ un ibe lowtf ^' 



OUAPTER V, 
[313] Trcatauont of Iroo and Bteol for tnajpiotic ox* 

I>© rim en la.— Tail good phflr<:onl iron. f<>rjjfl iL ^nto t!h» jhftp^r atiapr^, 
uiitl, nficr .'iiritmjf h *lih rUj\ hnii It ;o nnlniw. It I>rf0i»p>: Mitt »ofn*r 
if Ivfl lo fOH>l niuoiig lUe coali ArtiEidal mflgiida fcrc mude of llic Ijc*t 
Koj^lisli cr <Jcnno0 cntt-Mcclr tvljcli lanf bo tiikd in Almost an; dtjfliroc) 
«hKpe. It mutt col Im.- rniitcd nhot'o n <Iu11-n^ licm. nnr l<r|>t long otou 
ttt ihU 1fri|)eralurir. Artcr fu^1;j[ls U lulu thi? ilf^iiCHl iIiuj^l-, Aniatli it 
with a flic. Urr«t care i^ iici:cfi^arj in fortciiijccact'ilcd; II niu*l ncvtrW 
bvACcrl abore B Utrlc <'h(*rr)' reJ, cor inuii it be bamtnered t*uld- 

Tn i«m|ierlng lh« bur it mu^l l>« li«liJ uprli^bt, aod, If U be lii the vimpe 
or ft fcorpcvboc, b«th polcfl mcM bo plnnfftd in tojcctbnr, Tbia i« tbc unlj 
wuj to prefoiH (l frum wurpiLi^-. Tb4 «C5i« c^r oxEdo u^nully faljA olT in 
tctnpprlDi^, buL tbfi ki^^I niny Ut* bun) allhoagb ihlfl dots not ocviir. Tt 
■hoolJ be «o bdrd » not to be Attacked by tbe bcfC fllci. 

lo Ihb cotidiiion tin: stoci is ho Lrillle u lo bwuk to r"**^c* ^ "*"' 
if It Rfionid Ifll3 on tb<r tkor In onl^r lo pmrcot thh, ic RiDtt 
^ potiflLftl UDd frIoHlj tciupi^rciJ In u slrbw-jrlluir. oicr ii 
^ghl cbflicci) flr«. Tbc Grv tuay be ftancrl, bat »c»t bfowD 
*ilh a Iwlloirf, »rbiflli moJco ftn icrcgtilar bed!. Whrn 
l*)*? Med DtUifnt iu riraw-jellijw c<j|or. tt uiuht Ix* qLieiiLHit-tl in 4 old nnicr 
ir Uw »tccl bafi watpi^d ia cooling. «o a« to be uAdrsfli it must be Ivni- 
jitrtid 1>1dc. It l<MC4 thereby a part of it* foercive fitKC, but run bo umiI 
w maty |)urpv«», and maj be bammeri^d into uliapo wit^ a «burf>-edged 
^*m«vr, iikr ti]{ 'Iflf, TUv hir luuei lie Taiil on ibu anril jmJ Lbo Mown 
•"tiek «Io*c l^Kctbcr (JO the «>ncnTC lide- Wiib a JiiUc care, xhia m*j 
^* tUiiie«Ti;ii wbenliU tumpercdjellow, 

T^w BOTili jic*l<* fbould bti mnrted by a ttmlcfr with n fllr, or n Jntier N 
"''■inpcid u]ij(i il, before ihc rtccil is tempered- II maj, b*>ffcrci', be 
^-lu>l in viih ^eitl aftervurd^t. 

C-^O Form of tbe magnets. ^ iiar usfaeu »bontd be onlj 

"^Oul LiiieHblrd or oue-ft/nrib jls lUU-k as (bej arc btoud, and rtotover 
"^ foot long. lioTveBbcc inagtieta arc made AQmcnbut Iou^tt. co^h limb 
^itig ofuti a foot in lenglb, anil L J to S loehet ia brea«lib. ILv ]ioiD4 of 
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or str&igbtur, as Iji C^. i\{. ebould not be more tbiw itc brciirEth of 



flsr 410. 



>V.<U, 



iV«l!L 





bar Jbjiii each other. B«rG wlkirh jLr« much 
curved tLTv dimcnlt to tntitnif^titc. and vcrj apt 
to cverp [n i^ropGrlnff. Ic h heel to (lavv Jarge 

[215] Btognotic maffaziiiOfl-— l*oirer- 

ful tnagnvU aro niudf^ bj oombmiri^ several ban 
lo one. Tho middle bar U «omifUin«s mad* 
longer than tbc rv^t, ftjf. 41^> l>ut it in better to 
kuTO thcin aJl uf the wmu length. Kocb bar is mofraotlied 0«p«v«MAi 
ud lb« wholo bound to^olher by brnsR bnnd« or (crrvM. It U ofo* 
■dTftninf^ii in K^pamtfi ibi^m hy p^tripv uf bmui. lui in lumirlimra dcmc K 
tbc ban arc warped uid c«Diii>t vvll ba atraii^htcued wilhoul K-ftral^C 
tbeni* it U woll to se^^amte them, undor the bandA or a^^rvwii, bj • lUn 
platD, In ord«r to comp«niii(T fur thu irrvffulantjr. 

Stmigbt burs iimy Im? curiibined tiLbor bj Hiui|r1» bms* baode^ or byctp^ 



Fi^ 413 



FffJ' 41 i 




i 




i 



of 8o(\ Srott screwed oTor thdr cfidt A- 
«iiuj)lb plan la to bind thvm up ti^btly 
Willi hra^y wire, aTid dHve tiu1« wti^pi^ 
of IjTftu bct^cDQ tbou? ttt proper pkW P" 
Fiff. 413 reproveDtd n cap for ban •' 
i*qiml. nml lip 414 nta- for baf* of ni^quikl length The bm^og («W^ 
ure modi- vf briua, bccAUHC »crvWK<frMrnn>r1y niiif^nfllE^oJ iron twrv finpln^' 
net to drive, Thcso cnp* nro callod iho brniftinre cf the maRoet. Thr^ 
maj be utcii^bed alao to bonicaboo loagnacji, but lh«^ moBl b« T«tj ni 
My Atiod on. 
[Jicj ProBorration of magneto— Tbu poles of both ho: 

nn*1 bar mngncia mini be eoaavctcd by seft ifon, fa ordur to pretff*^ 
their power Stralgbt Imn are ariuiMl by laytng ihtm pmnitUt, ai ■ Hal* 




opftrt, with the oppo^tc poles otzt cnrb ottjCT, ud jotaloirihf 
%»D «cdir Ju in fig, 415. For horc«ihoe mftgneti, Ihi* pUce of irra b 
^dM the aiidior, and !« dinially f^iniiKhful wHh a hook, >|w ||5. 
^ «^Ic^ wolfhlA n)ajb« AttftcKcl Pfit. 412 rcf<ro*cntj( 
tt honnboo Daof^ittt vitlj i\a nucbcr The cuit^bor ii 
■KStetiiDM in9Ul« vlth ft ullglirl* otit^'x fu'fi, hut an ervn 
jotrlhco icaoiv to be better. Tho njirln^r mait be eom* 
pumtiTtlf thick, *> th«l wttn ftttacbtd. Ha lower side 
-will hnvt T^ )UtIp ftUmi^tiffe povfT. It is not noc«8- 
tttfj to k«op Uii! KDi-h'3r af till* ULDi^nel lUvrvrt londud 
^tll v«lirbtA Ea orJrr lo prfwrvu il in good condition. 
Kttfftdoonol diminiFh tho pc^wt^r i^f a mafrnirt, «Koopt 
hj pratvntlfTg the cloic irant/urt, of iIr- imf-hur. To keep t^em from rnst' 
ftsjTi th<T t'AJ' ^ nibbctl with a gltiUf ra^ aJler betiijj: awd Ma^ct« 
■fcodld bs pollarded from Mows or coBcn^fJons, nnd not mbb«d will dhj 
liftfil Bulnrtiuca, wpwiilly with iron, cor lajd Qpon Iron. Ileal, I* btlll 
more b^tiHotu td th« power of a magnet; even a tt^mperatare of 40^ C 
bttfl a pcrc«ptib1« t£r«t 
[S)'] Armaturo of natural nutjniotfl,— The potitioa of the 

|h>1m If (UTfrinlnei bv rnWlng tbt^ loadsiono In Iron filings, and iwo 
puallcl focTci cut porpcndicalnr to the tali. The otlieT iidcs of tb« 
^I^M are al&o eui ao tta to sir« it lomewhat the nh^pe of n pandJcb 

op«p«^on. Orc^r the polnA ar« Inid two iron platea, AgA 416 and 4IT. 

'''c iiEff of tbiT r«*^e, bi^nt iircr at tbi* top, and lanninathig bnloir in pro- 
/■oWowi jx The Dirtier Mitfaeta of these projcctiooB mu*l lie in ihe Baun' 



iV- *is- 



>\i;. 41 tf. 



^Vj.4|«, /*> 4i:. 






^^"^^iffht Udo. The mopnot is snpportod by Jihoaldor* on the«o proJeciioDi, 
^ ^«u two plate* are connoet^d by bruui bands* and an anchor laid on ihr 

^^o codfl. The mugUHl amy L« Luu^ up by a ring attached to a croBa- 

i^^^CQof iroD, aiBhowiiLb fifci' 41& acU 4 19. 
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TOTStCAt. EXlTEf^ntOTATTOy. 



The |H>ir<r ar nntTiniT nm^iHA may ha l[iiTr«a««il bj Iftjio; then bdvevM^ 
tlie poIe< of « powtrH'ul clt^cLru-uiaifijGt. 

fSld] MagnotiC I100dlOfl.—Thcro shonl-l bo Kttrtl cf tfaoM, c^T 
TurfouK Itn^Lbs and dilTi;ri*Eit i]E>^et'B of aensltWeneiflL Th* "tnXj AtlR.^ 
foltj i" ninkiiij; Ibi^rri "w \i\ BUMjWuiliiij^ tUnrn on [iItoU, It U Tny «it *_^> 
fiuapcnd tbo npcdic bjr a cocooii'fiLro* and caTi;r it with a k'^j^ ^*^ bvat 
tbU armngomeot doc< >iot answer Tor rooifl imrpnwft D«lktt« OKdloa 
tbouM Ik nappcirird on |kTvntH tiimln^ Inc-upK of sgatc; adiI ui tlitf niRa u- 
foctur« of tbesa h difficult, it i^ betu^r ti> bu^ llio needles reuly ma^«, or 
at IftAtt th« Mgoie QKp». wbLch ara not ^^ry fxpcnuvo- 

To BeL in «gnte t-ap Iti ft ncedlo, fix a. plrro of iiiout bro-u wire to li 
eliick on ibe Utbi;, bore in it a holi?, a liitlis Miiallvr ibmi tbrr boI« in Our 
Dccdlof nnd d^cjicr tlian the thlckncte of the ca\' And ntcdle toj^thcr* 
I^ularj;^' (lii« Lok- lo ib« deptb of o uillUmetor Ju't nalllGknilj ^ idmll of 
tlic i-A|) htrin^ furt^L^i into ll^ ami Urn lh« br«ka^ nfT tUlu to the Mkinc dejith 
oa tbf? oubitic. £>cl tn tbo cap. abd press tbo brun tightlj down Bp«B it 
with n'harnJaber h'ig, ISO rc^prcwuts «a euUrg«d m<i1oti <if th» >*« 

^&nd (juji, Xcxt, Liirn olT tbr wire tn JukI tbe xixv tif tlie liok in tb« nerdb* 
If tbo Qvedlc 'u of tbe ttbupo n'|irc»«nt«d In fi^. 437, lb« ikpex of ibo 
conkul entity nofld not bo much obovo tUo noodlo; but if it bo tbi^IilEC? 
tg. 425, the I'/Lviiy must projct^t i or 3 raillimt'ttnL Tn ibe lailcr t'sue it i* 
ircll to inako a little ^boulUer on tbe br&aa riaiC' ^ sliown i& £;. iJl 



/^^-43l. 



i^, 4S3. 
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Ftif. 4SJ. 



Alter cutting oT tbe wlro, fix t)ie cap in b bbok iind widen tJie liolc 
Iklle brlovr. at Mcn lex A^. 423. Jf the rap hv too lATfo 1(j poM tiroa( 
tit hiAs in tbe n«edk with itn briub colbr, tlie wire must be tarnod of| 
r«tr(^^utod in ^g. i'i'S, tQftertod from ftbovo, nhA fastened bj driving ^ 
fionirrd siei-l pnui^li mlt> IIik LijIh Ixdow. Glnia cnpi wkwrt tnlenUj^ 
well A saltoljlc piece of g^Mt iu»y be cut ont of a thick plato, hf mttf* 
of a copper ring (jj 16,) and the conicnl cuviir driUcd with a thrt* — 
cornered Ate nnd qplrica of tDrpGnitne. It miiet ATtcrwArdB be gromid^ 
■mooth vrith Gno cmerr on vrood, nnd poL[«bod nith roa|E9. The c«t;*T 
iDQj lio bi>r«d Aftor tbe ^Inec is ut tu briitt. 

AVTirm gT«ai ddlcnc}' fi not rcijnlnd, wliicb Is most freqoentlf th*cif<% 
ft tttj ttimpla cuuirivciuct; duiwcm tlie purpmc. fScod « lUip of fcnA 
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ibovt A liDc in width, flg- 42fp orcr tbo h^lc In the aM^lle, nii! 
a«lDi ft llul* (kprMBioD in it with a 9t«d imnobn Thlfl It b^h Mnipt«r 
Md botli^ th«n tfl drill out a cup or hws or EUel A Jtiiaitur ^^, 434^ 
ilDp«Hiou mudu jn the nccdiii iUclf. whllir tjing on b pUto of i^i^ 
lead, ttlll iBfure anScieni atabililr &nd mohilitx- -f 

T!m liMd1«i9 may Ike m^dtr c*r lariouii Kliapot, 0.1 ropfocoUd id liga. 4^5, 
iMk atd iSr Ttic 6nt Iwn itrv ulvIc of WELtch>nj>ring, Cb« ]m!»l of bur 



Mj, 436, 



<r 



JVij, 421, 




uceL The IiqIc in tbc ci?ntcr in mode to ncdre the cap. Thoj maftt be 
^l^tintd &it(l po!iib«il borore icropering. In t«mp4?rlrg^ ch« ncetllcs abc-ntd 
"^ lalfl on A iheel r»r Irnn^ or rastfTiciI to n wire, ln*4Tcittl of bHn^ hrM In 
'''*> todjfv, vhictk prorcacfl tWr bciag oniforraljr UrEbUd- The south end 
^^ th« Di^lo may dthor bo inndo buavior tbno tho north ond, or beaded 
"^'tb ji(trip<'f hrftti, lIlcR fl^, 434. tnulfi to tliile apcin it. 

t^jit Kwing npcdlot iniflAvi*r VL»rjr well lu moat cojwe, Thujr mnj be 

™tcrjcd intoabaMorwoodorhtiiM. For Ttrydolicatcmftfrntitic noedlrs, 

^^ I4ppi>ri nitiiit bo mado of ilcvl File n piece cf ticcl diarpv Eind icrow 

^ >^tot tho hluni «iLd luto a bra»s Tout; r>Ateu ihlx t>u & Idihe, and khftrpm 

™^ point with ft flno flic moistened vrilh oil. turniA^ umanwLU* tctj 

'^t^ldlj, and uiotjdi^ tbi< fii« bock ocd forth. Tho point of Via noodte El 

'^^ct bard»Qad and aft^rwnr*N pnllsh*^ with ft fine whet* _, ^ 

*^»)e on iLo Ulbc. Tiic point ina!»t nppcar *hart> when 

"*^«iined with a Ion* The nupport nood n*)t, pcncrnllf , 

^ 'WTT bigL ¥\g. i2ii ri»prei*nU one of uattml tiza 

^Sld] Tlie compass. — For ntany pxpi^dm«nt« In 

°^^9ietlflm and electrify It y, n compw?), tbat te, a d«&cale 

^^■Itnsitc nwdJft mavinfc over n grsdciatod circln, and 

r^^^Ceelnl lij & glftM cmim-, h hijEiprniALIi*. For 

^^^btr^ crxperUntuta, iho needle iciiut not he over 1 or 

* tiiehu in lonfttti. With ao smaU n diameter tbo divl«ioDs of tho are 

*^tifiot b« nuide leu ibnn 2 di^gtittft, uml Qveu with the gr«nteaC car«, tho 

^**wi ntust be fciy great. It U heller, Ihcrcfort, in thi» Cftic» to futen ft 
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[lUfl tlined of biztcic glUH to «4ch etKl of tho n«f>dl«> pamllel to Um» 
TIh3 foriD reprasootod \u fig. -127 ta hvU Ailapud lo lbi« purpow bj filU^r- 
n jfp>0'n In tbc bock, ta tvpnmaiUid in etAargKd mcHou in Gg. 130. 
i^iivl^ nicij DOW be nuide I i&chti la diameter, »n<l » ^ 
f^^. 4?% ^pg^[, f,r iMtciEniry tw ftttiJiiiMl, «ti:ii bf bkad-diTuliiii, Uiu 

Iponiblo wiLb a UBoUer ciroh! oa Ibo ip^oniins umcliiae. 
Lhtf clnla ba otds on p«p«r, It should Unt b« put*d on r boi 
*l>uTit J an ifirh ibic^Ic, and th*ii grtt/3"Tittfcl Th* phol «] 
whioli the nui^dle turai ma&t oqI |>r(Joi:t iiiuc:ti Abort tliv board, uuJ tv ^^ 
then a larjcc error «r p«ralUx loftv occur In ntdbx off. Thb U U-^stn 
ftvoideil by exi-'iivaUiiff the? inner Kurfuo uf the dn?]*;, and mB«rllcig iQ i t^ « 
inirrur: lIih pujnt wLtfrv tbe glam ibnuu! mnl its iiu(ig« i.Hiiund«, will e^^r^ 
fthc tm^ rcftdiA^- A naTTow riojc of pA«t«boiird, putcd vaiiiad ft circular 
pltLte ofglau, majTBvrvb ai oousc Tor th« mitramcnt. Th« D«fdle »hotvJd 
Iw tJik^n ofT )t« «npport when nnt In nuc U t1i«< hi>Ard ]* in th« ahAj>« 
of a pKrBllcl^sTAin, ftnd the mcdiaa linn of thn ^ruilBalion parftllc! to oEft« 
of lh« dd«a. the compuA tmWl ier^e fi>r Uio appr^iximrLtv dclenniiiAtii>ii ^^f 
thu decMnaLlon nr of th« gfiognphEcal mvriilan. 

T<i prcaorfc llic pirol of a tompdd* from injurj, ths ncedln mial L^f 
niMd from it wlioucvcr it b not in iL9«. An ftrtuu^iuint b iwuaIIj inH^^^ 
to offset thifl trithoDl lifting thft gift** corflr- In fig, I3IJ 6 a c wpwuftC^^"^* 



• brnt brefv icfcr. tcrmintitln^ nt both ends In ^ i>crfonit«d dUl. Tt ittU 
a In a little oavil^ in thu hcmo of the compftU' Bj' preuiag Um ktvw 
«ni bni1iu>« thp needle Agttlnst. the ^Mfi cUM O0r«vof lb« uomptBt; 
irhftn llic wTfrw i* l<n>*rncd, ihc^ Ifvrr sink* hy h* own wcipbt 

To test th« d*IiciMj of n inrtgnctic nmdlc, »ot il in Titinitioia bjbrinjrns 
mar it a piecA of iron. ItJi poflltloii on the gmdnaivd dpolo luj be 
ai-t'iirntr^ly iirj|«d, jiuiI h ptM'u i>f iron brntiglEt iiQar^ «o lu to drhv 1i it lltde 
to onv flidoL wbeu tli« irort fa blowTy witMmwD. tUi? needle nest rctan 
Axwrtty to its foriaer pwitioa, 

IiiAieaJ of fiupportinu: ih^? nei^dle ou a pitoi, k mey, far noiif por^oiM, 
be in«pfndi>d by a cocoou fjber, u4 r^presuuled la Hg. 131. Ilie ftcciBo b 
tlirjri mndr v^rry ncDUtt jvr. bqt pnnaot l>a nitod to ihow tlio elfcet of tt etcond 
^^ magn^r i^poa it, lii^nn^o Ih^ ftiiraoUon of the aegnM dram it out of iht 
^^peentcr of Um grvdofttJoa-* 

m *lt uimj 

I ihraugb jH 



* U uimj b« rvuiwlivd, by Ihv wny. ihtl iIlq magoMlc tttvUlo taun Dm bt AbMTfi 



?HT3]€AL KXPERJlieXTlTIOef. 
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IfagnetizlniE. — M tba present daj Iat^a sltd majniettf af^ 
or n«t«r ri^txl ; in pluc^f of tb«m wo bate ol^lro^moirLiau, wJtiifli 
m be miide fif inj ilej^nt of ^owur 
mfttfroi Tliwc eleclro-mui^hGts ^^9- *3l. 

Ctttbk Qi to niaRnctUc to *At(irati<>u 
it« Urge«t bui or itael, '13^ n rory 

wUchlkftrcbcend^Tltcci for mokioft 
MroDg ttii|rDd« from irutk oaet 

»* tlMKfon or llitte ioiponance to 

vt, tio M-oollTid tbylo ftucl donblo 

Uncfa and HofTcr't mciliwl lUiMffcr- 

it>g<tgry ptjrpowt 
C«1] The single touch.^ 

Tbe BiDijikAl fDcthod of ^trrroTQiiniJt 

lUi, it to atrokc tbo «n<J intcodod 

lir ih« norUi pola on «aob sidt 

About 10 iliiLn «Hih tic aonlh polt 

<^ > iD«j^t« bcgiunin; in Uic mtd- 

[fJ^ acmI bringlDg the nii^et bai>h 

1 li mnv lliniujcli thi? nfr Thpi 

*4* prtN»M U rvinraUHJ villi tbo nonli p^ik, oa tbti otlior c^nd Pmni 

^ to SQ sCrakM vlJI j^T« oJl lb« power whicfa tb« mA^DH m cupublo of, 

■^pKTiing, The new mngnot fmy b« ftitftQWl to tb« t«bU» by & plM« of^ 

'^>*i tn tbe coDttKp wliicb will hnvu a f4?nclDiaL*y to dHienntne ib* iieiitr«] 

**^n% to Ibia portion- Tbc (ua;rD«tism U BtroDirer arid cior« noiromlf 

^trilrnUd, by wtttag tbe oppO"it«« end« of tvn cqonllj' F^tro^ff mniriiut* 

Vtju Uiec«Dtor oTihe bar, toutonui^fta engk oTf^O" wltli em.'li ulbi>T, 

^*^ drAwiaic lh<m inIowIt Mutidor, pr^cttId^ the soma iadloMion. In ihi« 

^**>*aJia tbo mairuotfi must be rctarucc] to the ntftrtinKpofot throoph thft- 

^Y Th« «nd which I9 touched ujth ibo nurtiL polo U<l-ciui«i fhe niHiih 

EH>k TbU nnibod U bcUvr i!i»n »oy other for iiiflklnic iiiA^nctii; iiccdlcK 

^^ ban 10 be oiud in lauinreDCDtA. A honcAhoc liar b Ireatod in Iho 

^%j2w «Ay, only the anchor U plioed oa it vliea it la touched vlih tvo 

^tflgMVt at oanc, nr with both limbs of anolbnr borMtthov iiia^«:« The 

Micbor ii held fut, nod the |>o1e 

Of th« tODC-htniaE maj^not oarriMl ■"^" *** 

Ortf It. WhcfL a ttrni^hi bar ^^^^^ <] c) 

U tnDrh«l wiUi Uorviihufl mag- 

ii«4,th«i&rfiico«>fULQbttcrinuat 1 .^7^. 



W h«ld p«q>?QdicnIar to Ihe b&r. 




Mtt 



rmrsfc^i EcrenrMwrATios. 



Alitf tnattvl hi ttif« vttij htvotava klIII «tr<iDg«r hj phctng It betvi 
U)o oppeaitc p*>lo4 (yy. GiT' 433.) of Ivo poimfa] BU^ou. Tbo 
mast bo sapporUd by a iroodcn tilot^k JL 

[Sa^] Th6 double touch. — Tlii« taetliod ooDifsts h Uyfng 
two j.olM*jf * lii>;iFvJi<r r*iiiKH'"t» uf t*v<f ecjiuJIj Kiruri^: Ittrii loj^tliorii] 
lliu tpiidle of Ihc bur t'> bu tna-i^netixcd, nad motinjc tbom nlovlj bmck 
Torwanl ID or !fO tln»«« over Su vUoit Icn^Tli; lljti f« T«[>««1«d on Ua 
t^idcM iirtlK* linr. Tlir mrUltm itkihI nwn In ihn niMrllr. Aflbe linf, *o 11^ 
tAcli cnJ aliiLlI receive an cqnd number of itrokci. If a Itoneabofl 
bo ueo4 for xbU ]>tirpoc«, il9 ivro pole« mn^t be vny oIomi tog«tbfr, oilk. ^^^ i 
trljco ft ftlaon incrlinbly proditiM!* uiccoulon f oiAlN. If two bur iii«gi& ^^t 

be used, ittir jioUi mar ^ 
/Vjr, 433. bron^l^t vcrj ncor tof;cl^x «3r, 

bnl itbould bo kO|}t fjroci d««- miaij 
i^cKirict bj a bU of wood ^» 
H *3HJ plocod bct^««icntk«- « 
Tt<i tuBtfrnoU «r« bfrtd tc VIA 
sn^lo of ) 5 to ^^ *tlb h V»9»r. 
In tbi* CMC, 00 in tho o;ber, lh« dTwt in coiisidcrol>Iy incrtawd by Uy^ *¥ 
Ihc ODib of Iho bu oc two HtroDi; mftgaoU; Itio touching polO* mwt. >» 
Ibe »itm« ac thoRo of the sapj^nrltn^ mftgii«U next ih«Ri rc«pecdTtly; ^1^ 
polCN of Lbo new mo^Dct will he tlic oppojiite of Ibiiti; tipun nhkh itsfT 
re«t. Id magnolabg & honiv?J)oe bur iL t» on odtAtiltitre to ailAch t-^^ 
aactior, tb» n«gnct b<fing btn^n^r «v«n iJt«r tliin 1« ramovod. 

[MiJ HoffOrt method of lliD doable ifjurh iroutti-ild in pbrfntf *»** 
racbor beforo tbe liur4«jhoD hsa to be m^ncliAGd, and )j&4tin)C o^t^r ii ttk« 
two poles of ft honoetoo mofmot, tithet* froni lbo end toinmL the car^^ 
or in tho contrary dirc^TioHi 14 ropranaUd m tg*. 431 an^J 135. In i^^ 




.%.a4. 



/Vff. «6, 





£rit cuttt ihe poles of tIip nfw mngniL vlll ho llm iiam« mi the tml^ii^ 
riidKnci; h lb^ loUor* ibcy niU b<! itic contrary. The Indodpfr ma^t 
luartl, of rnnMc, be of lh< winic niJtli nfl tho other By Uuf rao1bo4 i^^ 
maximum oETcol tun be prodnccd In ton Orokci, md It la one of ibe bnt^^ 



PTirSTCAL KXrEnniRiaTATlO!)!. 



lown. 11«r« r*n b« nut^cthMl \n ihe aritk* may by Iftylng tb«tD 
l)I<L vrilh &Q armftture >l roch end- It ibr indulging mtigtitt ba bcftiy, 
lo AToi«S ibe Ubo? or moHnf; H. it ma^ be oZun|>ed to & iMf wilb Its od^ 
F'^ctlng. n KMD tn l^ir I3C, nnd th« bar csni«d ovvr it WUb ebctro- 
tto^iwtA tbc cDoductan render thU nrrKTigi-nsenl ■MciMNir/. 

rig. JS«, 




rS3<l L&Tg« magoela Iiato dway* ]«fl powtr, in proportloc to tholf 

'*'*>j?ht. Ancortlinjf (<i Hfit^kor, if M Vjc tho woijtUt mpponcd, anJ p lb* 

^*"«'igbl af Ibe aingm^l, Mi=a -^f/. in wbit'li ci U ■• cotjhKliiI fnctor, vftrylng 

^th tbt (|Ufll£lj nad t«aijicr of tbo ttcol EIacki>r r^ynrl thin fnctor in Komo 

*^*«« oq&ftl to S9 ,*"4j, wliich may bo potjiwlcrcd vory sntisJuelory, tbongh it 

^>U becQ Mcce^«ij In a Tow lnaift[ii:<>fl, TbU glrea ^e an cMy nunhuil of 

^^ttlos iiD(l raupnriiig Ibc scrciifflh of euakiicU. Tbo cxperiiDoul may tie 

*i:tule, hj toyuig AuccoWrcIf ^mtill veighbi (foanc »bot Tor inntanrc] iik a 

t>ullU4icb^ to ihc nrmalurc or tb« mognst T)io poi»t or nilAobiaent 

tboBtbfl fOft^'intcil ibiit lb<? unnature wilt purt nt Ibe 4«rDc time on both 
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Fig. m. 
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Aides. Uf cnuno, the «ooltH Buriiico of Uio ftrm&tcre miul tw botiionuL . 
Tbifl iTiflthfy). hoveTer, rioes noi ^irn finot n^cn^u The chJj gnt 

[nrO" KlhcqUAlitjtif TuftgdoUcaeedlci uiiilAnii«b]roiOiUfttioto^ . 

I'Lt U._ .. !j'j stupdiilod for tho pnrpiHo Id a hf»M fnimp^fajA 
or anwroQ^bt »ilk. Acconliiig to JUck«r, if T bft ihr tiflw of om 
uwIllttUcHi Su eetiuEitlB, ;> tliv wui|E:ht, uiil a Uio leoglL of tbv nii^iw 
r^ c iVp </tf, In vbfch r c'laab S iV^, p lj«iD|t cxprMwd in ffftTmria i^ j 
Li>thfi, oitd a b rui> iDcliM. Ti» ttidw tb6 oUmctioa and npiilili>ii o-^ 

liiH^els,8iupMu1th«biu'nu|pr1«iihcMtA «^ ^ 
& iDChies in loa^, ia & »lirT«]> of paper «^^ f> 
brtti, bj eeToml Ihrwdn or ucvrooght tt 1 ^^ 
u diowa la Og 457. Td nnku Uw B4irv^« 
experimeat wiih » natural m&irntt, lul^&a 
ft ribbon ariiiiod ita mididic kiuI Hiufpoi^^f 

[^2fi] Dilitrlhatlon of mai^e-tt^ 
^^ ism, — l''or ihcw cxpeHnLfiiU vo &e^><t 
oieac, fintt iron Alinge. nnd a nnmbar «^f 
koimU ban of toft iron, fn>m ^ i.i> 2 fiit-1)C4 In lvn|[(b aihL of rario- mm 
tblckDQsecfip TbMC tany be mode of £oo4 iroD wire, Ui«{r aQ>d4 lU^s^ 
ronnd nod vroll ftiin4ft1«d- 

(a) Mrirpittit* rurtvH Ajft ftuo Iron Mbgi upon ft pbUa of g!RU or~ a 
sh(M3t of «lilT pniwr, cmdf r »hicti & nagDOtiobMb bebl; a rowfoatlo t^^P 
of llie Dnfft'p "vili ojnu(- iJit iron ft^m>;t Txk ftmitgo ^b^^ffl»^^U^?« iti cur^*'* 
Thi? Biinn proi^flni ^nrrcfl to tliow itae iuoceuion poliiu Tn n mapj«lf b«»'* 

MaffDclic bar> with tniccc^ori polaii ft7« prodacod will mo«t c?nAlE>^ 
by mcaiij! of w powerflii hoivuhoo oMfrnet nd tbc di>aUv toodi^ 

(/?) A nisi^EiGt brongbt noar two oeedlfs, iiiep<«mJ«d near oncii otli^r ^ 
Hilk throndi, L^d.aKo* a uiatnil ropuliloo, 

(c) Dip tlio similar polca of twoaBgiwU in lr<»n filiu?i ftnd brittg ih^™ 
cloae logoiUr, ibc proj«ciinjt Eilaip«QU of iron rUmj^ n'ill ropvl e&^^ 
otber; but If Um upptiiUa pulev bi^ ukea, the lUuuiDNtd writ iiitertoH, It*"* 
lUo Arma of a polyp ftroiutd fu prey. 

[SSG] Iron OEi>OKed to ibe indoctivo inHtnincc of & mugnot vbtio r^^ 
bci, iLQd iitid^t^nly rooT^rl, Teninlns magr»«ll<*. Tbln Is mosi eMlIj shu*^^ 
with iroQ AlUxu^ ftnd o horiifi*liof. ma^iKt A llklck bancb of the It**^" 
flltnj(t may bu t4ikr,'n op botweva thu polca of ihc mo^ct; ndnoe thi' ^ 
tkbout ihij brendtb of n Suger Hod bo^ir ihftt iHekD<Ka. H«at i}il« ttitl' * 
8pfrlUHni[;i n»d » blow-plpr* ftrii^ i?oi>l JL v^uddcoty. Tb« uiuMte jtorti*^*^ 
vill cohere, and niU ba fonrid to hatv tbc piroperlifs uf n mo^oi 
powerful aJtiotr>-iQflgn«t auuvers beat for thU purpose, 



PHT8T01L BXfBBTMEWATlOW, 
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_ 



f 22T] Decliaation of the needlo, — In order lo girc u iliHthict 
idea of till': <lirc<'>iLj(i iif a lausuctU] d««<JI«, it U wcli (<; dvi^iguato \h& 
QMrUioo ia lh« Ifti7t«r« room tj m^nur, of plain:n«u. For tHli parpow, 
AvtAD to U[B ctillfif;^ ibri'f! firm iron liookx, ujHit] (ttiSi.-li tljii jilDniiiitftM iimjr 
Im mnpcikded, nitli li rLuqi iuciabu lu «Aclk, !<> dcaiiruMc iho poeiilou of 
tbo tbroncL Bii)U of It^od raay bo n^nd Tor th<^ plummiitii. FIaco n long 
i««piiJtivi! iie«dl« Oil tt Tvf*Uii^ulftr IxianI, aii't dh[i)ti ihti i-!rcl« by 1i&A(|. RO 
t.baL ttie dlunotor from wlifch i^c iCT&dualioTt beiclris eIjaII be iMnilld to 
Ibc ndo of tbo roctftn^k'. TliU iliLLuittlcr uOn bo euilj ^i«<I tn the lintr 
Ckf th« uiron^mloft] merlilian. an^l ibe decllfiatlOD deu^pmtnerl spproximsiel/ 
SD ddi^rvcL Tlio iJatpIcAt modD of clctDriniiiiag tlic incrJdian dcpiMidA 
upoD lie HiEuaUon of Iho rooiu, ftQd thureiore no K'^ciorftl diroct)L>aa cftu 
tjQ ^Tcn for iL 

[did] Dip of the needle. — TLh fallowing eiifl-rimctu m InnUtH^ 
"Llrtf &a prcp^nWr}' t^ tho cxi>lai]ftiio[i of tho dii> of t^ci uccdio: Lay a 
bftr oi«^ti^ uJjout a foot [OD^r <^'i tbe laMt^, uud btilanoo a bit of nsuff net- 
lat-d knllUan-ni?cdfc <jh tt tlnn thri?wl If tin; m-jHlli' bi? riirri^d l)**'k aniJ 
rurth 9Tcr tbe bar, it will stood licrii;oiit«l orei tbc loidJk, vhOf toward 
■oltbor «ii(l th» oppo£lt« pdle will dip downward. Tl)e b«»t modo of 
ttiupMwlJn^ tHo Tk»ciJlo tfi tiy ]iatJ(in(r It thrnn^b n mrt, Bud bnUnolBg It OH 
axU wpporU'd tin nirc bouka, Ofi nbcjuu lu liif. A^K N«ltW the 



i^!7. 43ft 



I^'j. 439 



«3«cUnat]uEi our th« dip »eed bo de^ 
"ftHcrnilowJ w^cunitcly fur purpOMi; of 
lllmuntkni: foriiieiL^EcnDi^lbeUtler 
cftliprozimatetj, "O maj qm araa^- 
Octic bMdIc, 6 or G iacboa iu length, 
^nrlth «ii ftxb puititeLi, hud furnikb^d 
^triLb KTtw lljicndft oci both «id», 
G^. 440- Tbo nxii piLi.ics Eoovaty 
Uiro<ie:h tlie hole lo tli^? iie^dle, and 
&* tetconl by two iiuU, a nrid & 
1h^ »Kii nnat bo odjualcd uocu- 
^«tclj Id tb« cvalor of gravity of 

Xhe lu^cdln. nftcr fcriruiii^ lUc tjutu 

ftniKiifnil«lj tight Tbc iieedl(» li 

G3»d on a support lik« Ar. 139, 

vrltleb couiiU of a brai« furk fji^l' 

«taed la ft v^odoa bftstj. Fig. Ul 

«hov> tiic upper tnd of niitar»] %hv. 

Tbo inner mperior «dg« of t^nch bH** of the* fork h l^lcd uul ryEndricnlly. 

and pnllibed whb rucry. mi tbuL only ib« puinlo of ibe al«ol axla wUI ml 
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npoa these EorfAoc^. The plAne of tuUUod of tho Midle nmst be 
to EHiiQHile will) tW mnfCQc^LEo mrriiiliin, Ak Ic rnn b* no longvr Aboi 
JPSg. i^Z. t^^ lt^« nccdk i» «oce nufme^ 

iz&d, IhcU U vu pr«Tbualj i 
r4|ii[|(hriiim. ilie poUft mnn 
^^ J| ^M rcvvCKTK!, U) ilioift Ihiit the 

f.'^J^^m^^M ^1 P^^^ ^'^ aIw^TS dip toirttid i' 

^^r ^^^ X V^ I I penJtjJ in the nuauer wen 

hv ttto iitr?1 !Gf*remi. IfVe Ag^ V ^K 3^ 
CM-Ii [ir uLich liu*^fl lilUe cxm*<.:^Nl 
CATJty in Uio cod, Thk fti»^^>* 
rs<ua fLoumetof 1u#irih« dif*^»4> 
Iron t)t Ihe mt^ielk mvtlilS^^. 

Tho R!ni|ilMl rippimtiiii It 
ih« ODO iu ds< ^88, drettJjr ^'^ 
f«rIbod ThnMt & bit of viDmnfrnuiic kn!ttlD^-Tii>edl« Uiroa^ tho ooc^ » 
tliat It win rtft ta a horlionial potiUlan, then cot nwtj- ibft fork txalcvv, 
or Blick wux tin if. uliovu, to lu t*» ihnnt Vm eriiicr uf ^r«»"ltj In the »ac» 
Ho needle mftj tliCQ I/*? pjflt'nrtir.flii nod Its poles roTpMrd aK plca.tUT«- 

[830J intiuonoo of torrostrial ma«notlam ou iron.— Ti»i* 

maj i'i' nhown hv nu-urn of a (lelii'*T« irta^nttifi ui'oiiK iind a h»r nf so'* 
iron. 3 or 4 fed in ktij^Ui, which ina«t b« woU hcntcd, and tMd Ccr *"* 
other purpose, ln^cutsc ddj lucchaobnJ option upon iron giTOf It aof"*^ 
fcTernWp povrr for msgneiltra. Hold Ihp hur !n tho dbrtctinn of t-l** 
dipping acodk. uid brlnj; a nnnll Konsitin; ncvdb oltcruatclj near C^^ 
upper tnd the lower <tjd. The polw kn wreried by iuTertlns ihe bo'- 
HftmrD«Hngltv])]l»iin<l&r iho lnducllT« LnfUwDCOoftha Oftrth wUL imp^*^ 
to It n ih'^rrtt at pnrmHnrnt raaj^nnUKiii 
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CHAPTER YL 



Exi-EsiJdxxTo 0!r EUxnuctrr 



Co-) OEVERAL SEKASKS AHD HANAGTHEFT OF £LECnU)* 
METERS ASH TKE ELECTRICAL MACHISR 

C*30] Eldor pitb. — ThU it ■>iitflmcd in iho winter from llic y«4f- 
okl ihcKJlA of rhlt<r, 1>> cutvtuUy sj^lttlrti;; oJT ibe wood wllh ft good kolfit. 
Tht» pith maj 4J*o be fbcccd oui wltb n stick, bul h nma\o9 «oncniot 
f^mpreucd. It U cot into Itttlc bulb vr'iih n (harp kiiil<i, tnd afi^rwurda 
rolleil hetveen the h«nih. cAreriilljr HToiiiing nnj prewrir? Thp plih if 
Ibe wmll^ircr i« »1iil ligbtcr, mid toa; be aknogcd in the ^amt 1*115. 

[331] SlUc — Silk rarks in raluo for tlcftrit^ai purpoaea, cspccUlJy 
tfanic iOTt» which »re iJt«I with moUlHc coloru, ^nrh ng PruiKiHti hlne. 
Jt U cnaj to MCcrtAin whrUinr i^r ncit i)ii^ hilk inKulatpB. hj* attmrbiog two 
pitli lulltf u tli« Quil of a ailk tUmad, S or 10 inches lorig-, hanjc OQ & wire, 
Attil iaptrting th^ fiuno kind of d&ctriclt^ lo both ; llit^j ought, in a booted 
'^oiD ta ihe winivr, 1u ipproiuiU luurh oilier verj Jowly, la oalng illk 
'^^i^, caro iiiu«l bo uh«n tbnt U b^A uot & cor< of cotton, wkicb t* nimori 
alwByji the cn*i;. 

C^33] G1&8V- — Tb« Goncfucting power of gloM vnrlm r^ much. 
^oiQQion irrt<n tclam (not whEl« glftfla cohered gxwa hj copper or thro- 
iBititii^ ir^dcrdlr insdCAUfl best, fiomo torts of white ^\om hUmo, tho 
''^^WnilAU nnion^ otbcre. are good lnialaicr« lu iii^ulAttno; propcitJ«« 
°*"*y 90ii]j bn tr^trd, Uy atuwhJr^ to It pJth hnlU by finft bnmi UirmJ!^ 
sn<J Imi^rtuig to them dcctn'citj; orbrtoncbiag Awol^illBu1ctt?dl<lcc■Lro- 
''*^ltr with » rofi of tL* glosi. 

'A II gldsv in morr or Inu h>groH?oplc ; iu tnrfoeo sttrtcU moivtum 
"'-V^rigljr. Kur tfai» n-uoii, solid coluinuK of glnvs arc bcttc-r ih&u tuboa. 
^*>t» difficult? nm^ be tcniporArily ohviatcd hy warminie tbc |tln»l and 
^^wiiftui '* ''''^ warm f^|i>lh*j bat it con only be pprmnneai^y o»"efv*onio by 
'^^tlng H Willi Ik inriiUb cf nb'-'lliu! or N(>itlirig-ujix. If Tdinlliic h u^«d, 
Y*^ coftt niuJit tfc thtii, jtod iLr ^Iu^4s prvvioualj wamii?tlH jusl a« in varnifh- 
**JK netdU. Solutioti of ncitlin^-vpnx muid be ftpptiod antU it forum 
^ *»nifor™ opiw^df} coiiI":b; viiy \hr\^ rnu« be lafd on At n ilfoe- 
^ti4A)|^ i« uoi ■ (wfecl r«nj«Jj, &ud fiealiitg-w«x disflgurca ^« appArAlns 
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MTfiiCAi txrEnmEJPTATroK. 



* 



very rini^h; ikit rod uniform of oTcrtrirriil nppiLriiliie hts ^tK out o 

la A liCfttiKl room : thut fubjoct sliould th«rcrorc be rcMTTcd tot tiie wtaUi^^E^ 
Urm. i 

LSSJ] Qutta-peroha i» a1«o n useful subfiuicr fbr •fvctrical [ j 

po»»; it niftf bo hid in nIicoU iu thia na paper, id tfarcttdn. or ta dnvr^ -^ a 
enf form. When rwentlj ktieridH in vnm wnior And drM, bl lnBDlfti«^^»-^ 
ndtnimblf, and licrnnwiH np^!tihr]j dpctrinpd Iit frirtion with »nol 
UnfortQcatelr it ]fi«ci thU property aft'^r arrliile, utd eren bee 
faritUa, 90 thnt lis ralaa ta rwdly not v> ^raat as wu flmmppoaML 

[SS4] Am^gam. — Kienniajor'c &nialgom coilaIcU of 1 port 
1 z{ut\ fiud 2 ntrcurr; wltile oiherti reuofDOieiiil 9 tiu, 3 sbo, ood 
ac^rctirj. Tbc tin mnnt tint be mclttd iit a Ueuian cmciblc, odiI tb« b1 
wMeil In «uf^?t*i<ilTe poriiou Tbo rni^rciirj muot be hoaitd provio 
and slowtjf pourpiii Into the rnicihle nflur il b»w ^ificn lAk^n froca Ih* 
tbu mixttirc T^L^inf; comtantlT' tttrred. The irholc li tbcn aIowIj [innrr g^i 
1at4 wat«r uuJ l£q>lEiiooaiitiiu1 o^itiiti^tL Tlie amASg&w ii thuv obialt^^s^i, 
In % f^imnlar romUtlrfn, nnd mnj ho rrdiirt^l ti povilrr Uj fnMin^ tt ^^K v 
papor and Atnkins it with a bommer. It muxt be vrdl dri«d, and kept S n ' 
air-U^ht bottlofl' U nlvajd itoU boat ▼boo reocntlr pulr^rifod, as ft[ 

oijdfzcn «nprprficlsill; nftt^r n Urac, nnd tho axyi\ injam lu VEfTcrl. T'V'a « 
follotring nmnTgan] in hlgbly n^oonnncipJttl ; I pari of cine U oielud o^eib ^ 
ilowlj «idd«d :t) t p&rU «f mcrcurf, preTlously bigoted In a moriar; L ^>^« 
mlxtnn b robbed with cbv pontic until it i* cold, wbea It hn tbo «c 
8ltrlenr<y of buKiT The nrjLlior luut mtula no vxpertmenls ou 1b« rabjp^ 
but It »ecQ]B Ib&t tho effect of th« juualKOin miut tsi; with tho qnalltT ^^f 
tho fctnw, otborwiHD lh« diroctiona on tho collect oould not dilfiir m 




The olil amalgam abunlil Alvafd lio removed with a dull knlfo bercv^^ 
frcftb li npijlkd; tlie leather sboidd be Uilnlj amcarDil wttb gnt^. ^m^^ 
the amulffom vprcad on it with a knifi: oi (^rcnlj- ok possible: It b rC:^!' 
beCl«r to Rpnnble the Unol^ pntT^rifd amtlgnm on th? Ipnihtif. scd f^*^ 
h with [inpnr In IhtH vtny im more nmnlgitm nilhnn^ than is nncvrnV^^' 
The end of a cylindrical voot*n rvali, I or S inch«a io diomeUr. do^^ 
?er)r well for applying tbo amalgam. Tha amalgam nwd not acqnif^ ' 
notAllif- Inater 

[356] Tbtf UHO of cbunn na condnctom in to be arcdded u much ^^ 
pOBetbIc, linen their conatlem aoi^IcA and pohtta cooM too fTsol a looi ^^ 
dedricity ; pliablo T>rM viro*, obont 1 rallUmet«r in thtoEcnoMr art |inHff**' 
able, uud may be wound around al the prosier jioiuUl Wh<« the vt^^^ 
tridtj acc|Utm a hijfbcr lcn«ion« brau virca* 3 or 3 llnfi in tlifchiff**' 
moat bo enployvd* the cndN of vbkb should bo carofnlt/ rounded and b^^^ 
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liilo Iat^ hooks. The vhci1«mrf&c«iihoiiI(JUt«ibeflI«lnnoo11t, pf>!ial)eil 
wtt.fa f>timte« and <'in«rf. and thickly viLToUhed w(ib cfecilae. 

f ^J3fi] Fundamental OZporimentS. — Attmctioo mn^ nrpalnfon, 
th^ ilUTcrtttfti UrtTudD conJuL-iurB aikI uuit'CuoJuctof*. and l>«tw»a 
poaItiT« »Dd no^attvo c-lcctrlcitf, art itluftnt^ bj pftb balls fiulfiied to 
idltc or ItMn threa<l, Tho ihnz-ad ihould bu lirown ihrontfti «-ith n noodle, 
aii«l fntttrni^il witit a birnt, vrblcTi ettn be drawn inlo lUa ball uflrr b4-Mig'<?ut 
oET doH. Tito tbrcndn rauiit b^ finv mouffb to fc€ drawn straicbt bj tba 
WistA ^ tfa« balk. V«ry fine wire nu/ b« rnbrtltulvd for lic<^Ti. Tlio 
•f3cx»eHinntU vlll hf tWUe al n grouts r ^l(tlnrtr« If hollow f-vllnden of ^It 
pa.p«r be (iik4 InMcnd of pith. Two liulc baiJoonfi of collodluiB. »u«]Hnt<Icrd 
by cUk thr»dM, larvt wull to aUov Mm mutaal repaltion of similarif 
eloetriBed bodt«>4. The; bocomft «]enrttod by hning roortty draim a Aw 
tiEn«n throaj^ the hjizid, A Kiaiiilt^ irirr Hulcnrd iutr> n f mt, bent orrr at 
U)C top, Uk« fi^- l44.«orrta for a mtpport. TIi« wir« n&f bt iujiulBtcd bf 
c«ni«ntia^ ft with woltQ^-wai iato a gEan taba, u ia fi^- 4iir. Tha 
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*lQapL«f t vopport of all U mad^ by half AlBn^ n tolerrUily v/k\e !>cttk wiTh 
*'*'^4 or iron Blinipt, uid IhniHtiiig a wirt. bcai c&i ri^'bt unp](?«, throuirb 
^o cork. Ic mahiag cxperioi^au wiib tbo linen thr«fl<tii, a condcoting 
*iT»( mnul Iw minrbnl to thn snppnrt. Ilff, 44.V For ntbnr pcrprriiM 
'l^ulatiac «landA oinit be cuied. The thr«adi muirt be at IcHflt C Uicbo 
*anff, To irfro preotar Qnaaees 1o Iho wcodfrn b»jio, n citirular groora 
^■^^kulil bn cot on tbo nmliT liric anii filTrd wttb U^inl 

&h|iB3g-wix britotur-t biglilj cloiririi^al bjr m|iid gentle McUoD I'fth h 
^ooieo clalb. Glaai requires more fricttoDr cApniaJlv if it bo aot warm 
^^^fbrtkud. A piece of amal|(iLniat«d leather is the bett rubber 
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Thu uxprrlmrnt mny \w tmrlml by MiKpi^nillnjt n Khnrt, ihJi^ pluB r»<A 
bj h thrtotl. H'li«Ti tikis it rubbed it mill lie repdl«ii bir tlu other glnuia 
rod nud aitrocM b^ Iho »aftUn^-nfl:c, Tlii; tljn^ail mitJEt bo tied ia «^ 
outrli, rut nilli ii die nmurifl rho luUMIc of Ifir rail, tc (hit k wiU not *Ut> 
wLcQ tlic rod iJA rubMn A ni'iKk c( htiWniz^yrin, uinjhe ns^ In tb« bhoj* 
tray, if bntli thanti rodo be rubbed they vfili nUroci encU otiior. 

A good ivaj" of siipporiing l7i^ rodt^ Ik If) Told a tlip oi cftrcl>pop«r, u 
Ineb 1o(k^. Into ft ftlrmp, niid 6i]tjin>il ii liy a Hue wire or wvertl Mrmnds 
of ra^ tilk^ A very thick or rcry higlily vicited ^hv lobe broajflit imr 
the $mai\ g\ttM rod, will ilruoftC olwoya aitract itiBtoiU of rcpfllKfig IL 

Til i.lnjw IhnT, nny fririf on dpVRlo|H bntb I'lnds of okrlririty, ri>«krai t 
tftick of Maljug-nui tf] n dUV af A'aod. and glue a pbce of l««lh«r to Hit 
otbor ddiN Amjilifamiitu tUe lentk^raH nanu]. and Ibcii rubftti);toiift |iltfi 
or rod uf ^liiM. Till! wcmh) ^nd th^ f^bi^ brf nniu oppoxl^clj' {rloctHlvd. it 
IDBj bi^ prufod bj itii- |iiib bullet, i>r nuy uiUlt I'li^truiL-cipF. 

The inFliit^nco whkb llic condilioQ of tbc frurfiK-c ejicrciics upon the 
klad of c]e4<iriL'ity developed bjfnL'tJoo muy bo readily tbawp by (^Mug 
rin<vhnlf of n u)»^ rod on a Atone. Prfi^llori witb ft wouleu clolh wlK 
cxc'ile the s^omu) jiQrfric<^ pgAitlvnly, ixiid ibr junoatb KQrfA.cc itcfCillTolj; 
eovb pan uiuat> fiow«\vr, bo ru^ibi^d ^^ptiruUJyt if ihe whato ruii W 
rntilKHl III niK^n tlirrp In gtinnrnlly no pil^ldrUy (l«7i»]op<fd Tlie Rit^CN 
of ihb cx|>eriiacnt vnxtut to di^pcnd upon many accitlcntal cooditioit^ *ijd 
h never sore ; evon gloM roda which Lidtu b^>f!a formerly Tis«d fritli «i3cccn 
for thU rxpRrlmcta oftan yield nftcr a limn tb4> Ramo rtrcirlHiy lliroQgb- 
out. A gItiHB rud it m*}va i-erlnm tL> bi; la'j^tiitl)' dei-trllitd by drnvlag 
Hcrico liirhtly tbi'oitjrh a i^ookn cloth. It AhouTd bo Gnt paved througi 
tho fl4mc of u ipirit-Unip lo rnmovo til tnicM of dectricltyt Ottd lu 
fodUbr^iice t^^ieil b;r an ir[vi^tn^rjif*tf r. 

[fiST] The electrical noedlo.— Thi^cvkbciarulcbtberollowbg 
I^ lie aiiiiflc method: a ti, Aff. -tlG, U ft wooden ttastd^ ftboiL 

1( tj) ^ Inch^A in dLatuctr>r, Into ivhicb a veil fiiimUliDg 
ro<^ h. ih funUW. A lim^ KcwEn^'n^edie is eeioFnt«d 
tL> the upp?r end i^f Ihia u« ft pi rut for tbc DcedSe, Thb 
may be eODiivetod with tit« ground, «hta <t««irftbk, by* 

Jfino wir? Tbn plrrlrtrnl nf^ndlc tnaylM niaijn nf ft pifrf 
of brnu vjTc, nbuut S n line in thicknO)> And 2 i»eW« 
I* loug, in i\\Q center of which a conical ct^rHf \$ b«f«d 

slmoU ihroit^^b, and palJihL'd with u fontcai tMt aim] 
rtncry. After builancintr ihe ueedl« ll^e ondii inuvt l< 
^kl_ curofully roandcd off- The nc^le i^ill he Wgkxtr mA 
more B«Dfiiiire if th^s cap Alone be nudo of bna Dfid tiro toi^nblj itool 
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kalttiOfi-oeodlM ftolder«fJ lo tlie oppoelie mtUfl of it Tbvcap c*u \l tbu 
CflJVB Iw tnju]R na ft InlfiA and iiinrf i^ftrpfull/ pullihcd- 

A T«rj w<a»livtf avvdlc in loader bj bendiDg PtQ. 4-IT. 

n filip of ^Ta«ft aIx^qI a Jjdo id broiultb and 
0-d Una tbtrb. inlo ilu? Torm of Ag-4-tT, wid 
nuJdDg H liliJe di^uL iu tlitf uiidJltf uf it aliIi a 
pitixlL Two Dcodlod on »IdorQd to tbo 
•cMiAor Ibis. 

C5a«] Coulomb's electroaoopev— 
Thiflid (Dftde NKtat sliuplroatoralar^ whit« 

tavnbVr, llio Insulfttiiig i>rup«rti«4 of wbivh 

httvtf brrn ■■(•nAlnrft) hy wttlni^ npnn fr. tha 

•]«Glric»l neodla or an ioBnlulcd tdaDd. &iid 

ob atnin g bow Jo&ir it romtlna cloctiLLjal b 

dry wealh«T. A voodeo cover, Ag- 44H, i> 

filt<»d ^7uiew!idl tiglalf lu tbtf gloH. Into 

ftti <i|W(iiiijc hi ili« middk of tbU cortr, & kIua 

^^, 3 to A inc^bDi long and 1 to I incEi v'idfl, 

•* twnicnieil utiJ j^rxrTind ^•v^^n nt l^^ i"p 

Thia U il» coxrrc^l bj a iii«T»bl* T-.^niMi 

C*|», wbich biM an oponiop m ibo conur to 

**Ct*Ji« A imnll corfc, ihr-JUfrb wblch a Sruni 

1^ nnjinif A cocooJi ^br-C can b« jnovetl qji 

Cocoon* ni»j b« obtftioed ftlmoat t^trj- 
*b<?rr, aft'1 ibo Hflk (Ih*^! run bn imvoond 
IVoqi thorn o|roiL ft roll of pn^xr afl^r tbrjr 
''■^^ bt»a »Oftk«d la irftrm tcator, A^ tlii'sc »irtifile libera arc iiidifiponftbk 
Ibr ntflof pnrpooM. thit tr>ablf miisi b? Rti^mittM lo. Ii ii not coiy to 
P^trUiBui miinbln dlnirs, viiiua tboui tlvjtijrnc^l Tor ibln |>itrpuftv an- at biul 
''^plod I& Tcdtojt oft For many prirpopwA atfvint-«r tbr^nda are pccdcd, 
■*>*1 foe ttich Ibo laitiTT aro ftppociollj adapted. Tti*>f innj cntUj be hud 
^*^ni the nilk foctonviL Ti ii liardly pmuiblo m obiuiD valublu Qbcri I7 
"'Vkl^f unttvifltbg iiiviij:bt silk. 

'A Cnc tLrcnd or flhcLloc, ma<le bf dratrinj; ont tbo maUHol wfa«D 
*^flM4d bj hcfti, i> fA«tvn«l b or j /.octal ]y to lliii CM^oon Qber A llttii 
^**h of lliMpJ. about I) i^r 1 lim:« III i]iHnjfii*r. tn ir'^"""*"*! '^ » rcrtical 
P*^S1iQn to the nhellftt* nccdli-, at a dmiancc front the point of aqspea^lon 
^Uftl to the radio* of iha gitu» A rragcnent of ftbcllac m»j l)« atlflchrd 
*** ibe tvnriftr iddn of Ihp mwdlp ()pj>t)j*ltp thff thrnnl. ih nrfbT lo lower tbo 
_2^Mcr of grftrii; u llLtlc. The tvrg arm> of tbo aUoIIoc lerrer aift/ b« 
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brtruielit iQt9 equllibriuin b; Icftvluj^ ih« vscuit odo tt fint ft tittU iMfir 
thQD the other, aad afl<!rwftr<In mcllinK the exce« into 4 bead bj ft IUm 
pM Dur it ; if \hli he too h>ravy, R Ti odIj n^ocBrarf to oiHc ft bad i 
Vttlft tOWmfiJ tho tUrriml An ojifninj^, about | lii Indi nicln, must be kd 
lEi the cap u d. thri^agh whic^h tho bodj to bo tostcd cftn be LntroducftJ lif 
raenua or a eL^adur rod i>r ^bellAc- Thii^ rod i« fttracb^d nt*ov« to > Uttli 
disk, br whJi^h It in unppcirt^ in Xh*: nprrtiire at Kiich a hrij,^ht lu Jtit tJ 
^lich Iht lltviti. Thv uiULfunt uf i-cpulfljon u tnuaurcd bv & aUI|i «f 
P^per. grnduntcd mt) Sno"^, piuUrd on the indda or Wm k'un the iff» 
point cciocidicig wiib the pofat whore thu body tnted bt in contact *tU 
thr Imiifl dlak. Quut^rallyH liuwever. tliu body iUrirU uol Eutroducod. bnl 
a wire mcloncd in a wnll inaalaltn}; tal)c, nod rndinff aho'fo and bcldrii 
ft k&ob, ii bilroiluood tlirou^ti t1]« opauing, fa pKoiifilj Ihs ta4n« mnnr 
u the rod of f<ltiUAC, and tliir ^lin^TjiijU; communicated to t&la^ t^ 
rcqajrcrtn of <roun(c, itron^r tlcctricilj. Tbo ditlc of tinM). vhei itC 
aleotrili«d, maj alwuyi 1>a made to coldcido witb th» lerc point of ihi 
dlrMon hj mmiiig niuml thi; u|i|Mr cup, )ii moit cxperfaBcnu it b »J 
to introduce a capdulc. oontuiijiiig cblorlde tif caloiuxa. bio ike ^Isft^ii 
ord«r to dry tha air thororifilLly, ihoujcb this eh n<*t aLsolatnly tMcttmrj, 
and in nuX\j dump Mvulhi-r Im iiM HuUlnuiTt. lu auL'h ut^utlicr ikf fivifr 
nirubil vipodm«aC< la dcctridi/ tievor Auccecd nt-IK 
DcsidoA thMD tbroo initrumoDt* for ahow^lni; tbo pro«DJice of ttKtd- 
city, Tlst.: tbo «lder pitb «Iectroscup«, th4 eiMtrical owJIft 
Di^ CoulornbS dirlroAoopo, iht^rn arc lli« folloniDg, (ilW 
elvctrometcTo, tmmi: of -hrhicb arc us^d onlf for itp«dil pt^ 
poROfl, whilo otbor* admit of eoiae mcftiiiraia^uU and ooio- 
jmri^ons of the? foa-n of elHr?lr!ril.y, and am iilinpl^r In ^ 
u»e ibiin Couluiiib^d. 

i;'J3!*) The quadrant elootromoter. — Ifc^p*- 

plcil fL>rui of thu tu^trumvnt couniKti of a round woodcft loi 
o b, %- -f IQ, 10 nhiuh a Auuilclrcie of iior; U ftttochtd. lb 
lovvcr Imlf of vhicb la i^raduatcd into dlvLdona of Mf ^- 
ThQ center of tbe i^adiiaUoa \i ui c, wUftn tbft liuJft pcftdfr 
turn c dh mupirndod «o 118 to (onioduw fhicly. iToryiMi 
fr^fDi which such arcs cnn be made maj b« bail at tlie codV 
moker'i: or i^ory-iiintcr'A, Tho dUidOTJA aP9 seratcboil* 
prelLy di?vp!y wUli a (^r^vof, u tuul uwful for macy purpoaA 
and blckckcucd wiib iudian-Uih; Ihe eu^-Qstofcotor iasospiA 
clf with rIou^ Tho ar; in not net in «>ftti) tha snppofi for tk 
p«itda!um fii in its place; thii anpport Is «ttliftr nutdt collRlr 
«l braa*, aa ii tbowo in i;alural »u« ia Hy. 4t>l\ oi: a pleoa of Bbed Iftfi 
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im b«nt nj> T^r tliD front part ftud futottod bj an iroii kkw t« tUo rod^ 
Tlie [>onitDlara ooni^iBU of « iMn A|>][Ql«r or vliiIebon« or wood, wlilch fs 
left * IIUJo broitder Kt l}m vnil vihvn thir aiE" (lh9 end of r linlul&|r- 
Eiccdle) pttttCi tbroDKb it* or of fino wire. Tbo boll is mfldo, &ccordioi; to 
ibe ftovtr uf Uw «]«Qtrioa] tuiurliEna, of eld«r pllh, oork, or m«ul. A 
nMUUUr pin U drlr^n Enin Ihp Iitwcr <iTid nf thn rnd n /^, nni) rffiu^1in« to 
where the rod U cat avdr, m lu ti> ^Ibir (he ball to comn in contact with 
the pan vrben ttto fH^udulurn id ut rvaU Hy moous of \h*y pQg <-\ tbc 
fbctriUnCDt [| fixed into ft tnElnhle op«nmg In the c<>ndrjet>r, ot it itflOCMniy. 
siTPWPfJ in. U Ik L-rijGol thai llir forct (if ilif? ejix^ridtj lit not iiiupor' 
tioDol to tbo dc^rco? <ff tho j^rodnatlou 

[:£4u] Strav and gold*loaf Gleotromdtera. 

•—Both tre eutUj inudt out uf nurrow'n^-kvd TiutLles, 

flg, 4&]> Tbr ^tt* tiihfi whifb contniufi tKr; condiiotirjg 

vr ire Bii»t IttmUte ivcll, and u [ittcd throu^'ti u oorlL It 

ta D ifood plan to p«Rle ftrH|i4 of tin-fofi on the ^IrlA^ ti &, 

rmm hhijc up ibn^ni^li the atxk U> tbc oDttldn, in or^Jcr to 

4lacllftTf^ lb« iwrta wbcn tbcj atrikd of^&m^t tbctiL 

Strips of m%h pitb may h« at«d InstMd of jrold-Waf or 

xtranr ; Ibejr ure 1«w< HnKiLlvc th^n gold-leaf, oud mure no 

XhtLn straw. Tfaej aro, like tliti riravr, svsp«ndcd bj fine 

Wircflt f*>r vhich purpoco tiio cod of the condactin^ wirv 

■nmt be pi«rceil uith twu liolivf IVIien the ^loitx bu 

Ikccoca* ttectrUcd by drawinu oat the? cork, it b hardly i>oniiih!o lo inirn- 

duco >lipi ofgolillfaj. iffiHUer'fl Ju&f be ueod, tM tb«jftre alvaj^^i uttriu-'tPd 

bjr tbo glwn; El Ih rwvtxtirf li> TaJt tbnn anrll Itin rJrctrlrtry in dinipnti-d 

"The rJlp)^ of gold-lcaf nta/ bn cvi and |i&stod 

on the vodgre-ftbapod cud of thu coQdtiotiDfr 

^m« by tb« bookblnclor Thflir ftr« mnde 1( 

to S IncbitH lou^ nnd I io 2 lirip.i bnmd Tn 

QtOtft CMOf it viU b« ddvinabl« to m&V :4omcwbrit 

tJiick^r loaTQv, and for Utn ^\ir\**>f<^ mixod foil, 

tttftd* of ilternftting gold and si tver Icnf, U j^ocxl- 

Wlieii the Vtttit «1actrouivter i?^ tu be uifd for 

compontift expctimciita, a lar^o, clcau flosd 

tombker Ei taken aud Fitted wub n cup of wood 

or iiM<tal, UiTuugb wblcb ih« f^lass tabs te fn* 
ttrrt«>d. Upon tbc bottom of tbi.- v]ma Is placed 
4 |rn)d«atc4 ato of ivory 6xcd in n pioee of 
Wood^ fig 45%. Slips of «traw cad, hoireTer, 
caplojed onlj wL«q lUv iuHtrutneiit is 
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1^ to incUoalo ^vrj ftrong cWlridtj; i^oenill^ llie npjier. tldA 
OqUm of *Irn<l*r f^nin hl»il» nre aseii. Wb»rn ibo blodv 6f gnwa M* ft«J 
ikllcnUi. the f^ui f>r ft Gdq biItct vin. bent bU a Iio^b, id tbmit dimti; 
iato ihii hullov of tho blud« ; if Ilia blida ba coftrt«r, ih« end of (lie hook 
f*ay tV4 pOfbed obliquely lhrirQ|(h ili« hlndn vul IwDl otef. 

Tlifl upper «uil of lL« coDductlng inn; mual in cT«rj caio Umiatta ii 
ft KTtw. iiv order to ftltooh ftt plot^are » tittlv ball oT ( i»h dtamvue, 
or th« platoa of » coit<ttPt«r. provided llic dln-r^itM don not v&cocd 
$0^, tb« elecLrlcil UQHion may. niilvut ptrcopliblc error, be coiuJdend 
prop<jr\i^Jual to the ftujE;I«- 

[441] Andritt^n's very $Cftii'fiii^ tjoiJ-leaf etecironieUr k nhtntn la 

fig. 453. Il dittcn fruED ibv onlJuftTjr ooe only in 

^' **' hariny a brua wire fl 6 *t A I \mt Hick, bcni thiM 

O^ timcc at riffbt auj^lt^, in3cne<1 througb n h^« :i lloM 

1 I _ J in wiillb, bore4 llironifli ihfi M^ of the glui bj| 

H^ lue&iJB of B copper rod And cmcfj. ThU wire i 

4B Mcurcd in iu pbuo by bviD^; c&iseDt«d at a into n 

v^V^^ piece of !uni«d ^rood, nbont 1 Inch thtek^ ^^t^oil 

^ dJ^ MiM IdIo Uio hole by a lulinblo pSu^', ulich U cemvnbV"' 

^''jl^^l into the hole and to tfac sUU* of tbo ffli^. Tifl 

^I^^H ftpfmratus wonid liaro a nealcr appearaucu U" a brMi 

^^^^^^^^ lilbu were idilvml 1u a rounil pUir, ibfiiDjch tU 

H^^^^^ a );lau tabo iuaortijd an4 lUo vlrc cctn^ted Jn^ 

^^^^^ jt» lu U ihown in fiff, 453- An it i» o«j to OWC 

manioAie ihe ronlmy fleoiridtj to tbe knob which t^rmlnnici] thb w1^ 

the fp>\4 Joarca diroixtr lliv luorv readily wH^n (tic knob t it al.: 

Vb«a goTd^leaf ti tia«d for the e1*clromo(«r, th« «llpa mnA not b« Um 
enough tu iracb tbo ridtit bvcanaa U it difllciilt to dtlacfa Ihem, E^^ 
corofclit (]t«irins onl the vjn to vbich tbej atv attactrd rlll often 1^ 
tb^m. At all 0T«ntA» flaeb d«licat« vlvclrcm^rtftfi ai tboM drambcd 
Lhiv pnmgnipli, wbf^rr? tbe sppv or ^Dlil'ftfil arc uiily 1 to 1| itic^h lung i^s 
1 tiue broi!<l, and of tbe Gaeal gutd, muat tieter tw e.ipOMd to atro' 
eharj^B of electricity, and miut nlnnp 6o handled with the graattit ea^ 
Oft* <fln ewMy m^ke «(>Ter*l e]#ctroinel«rt wivb bnapicr gohUfolI, mlitf* 
foil, 01 lin-foil ; all, of coor*c, wiiboot Ibc uparatc ticot ytin, in ocdsr I 
buv« tku infalrnmcnt soiUblc for crary ptirpoae. H 

In utlnj^ tbli vtrctronifiU'r for tcry fo^blo alertricky, wbta tbe ifl 
irin» il therefore charged befurrrhruid by iudnctbn, it ia noi adHsaUB ^ 
•crvir the cond«nacr on ibe izifllrumcEkL Tbo l^aur plalf had better ' 
Gsed on a saparJiU mpport, and after tbo teparaticn of tho p1at4 
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■brtHcitr or oa« li cofntDOBicAtcd to Ihe koob <, u in fig. 4&4i vbcre« 
Np^nrtt tdttt for dilofld* of cnktun ia ^lio iatrodaofd 




[S4t] A TCTj go«d etectrocoelcr for ttuaj purposes u rcpraoatod m 




*nt^nfirf fcfin \a ^^ 455. It »a3 orT^D&llj- propOKi* bf DcIIiqjitiq. A 
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««U-lDnikilio:7 ?1*j£ 16 proHd«d vttli A woodMi bttw And H tofrtaUt e*^ 
mhleh ha> nu (i]H^rliini in Uie ceDter, In which a gfan tabe a b cem«ftl«d; 
ibis tulje b &Ihi> clou<i hy b montbk c»p, throatch ^hicb the bruv poD b 
piviicsL. To thJES pin a flinf^lo or doabk fiber of sUk (tworiini^tolkoaMlo 
be mule of It) b glued, cnnjing belov • ueedls of iha flittit win, •» iMfa la 
ItDgtb. A ho1« Is horod In Uiq (dde of the vlun ■bnat u bch frtNB the 
bottom, nnd a vocidf^n or brivt* cap o comtatcd OTOrit, tJiroaglt wUob ft gliB 
tub* li pau«<l. in Uiib tulje tho condnotor d tf Ifl (^l«Ded bgr OMln; Ihit 
ettnnlnU rxtfirnnll; of A fitnrit. htum win-, whirh In Iwnt npwnrd and piiiLfi hi 
&«:»». in order to atUch at p1«uaroa knoborthc pUt« of a coudeoAer; 
wIUiVa th« irtoeB a thio strfp of bnei, 1 Hno Ir br«Bdth, cATcfillj roniktlffd 
ud fuoothc^d in fVPtf pnn, Ir toldcriMl Tertl<<iil!T ta the win? wfth iJo, 
uul rawhna to whbhi ^ of ad hirzh uf the o|>{H]Hiiif side of ibe g}nMX, In 
^^ j^ Um laiddb of tbc jc1b» il la beat, 

aa u ahowQ \n ^g. <6C- Th« id- 
■tnnnorit k ^lincfrtl oti a tioarU ailb 
adJitMlnji: MTDn«, and eo a4)iiJU*1 
that tho thread reacb«e jfatt to the 
iiiEtJille of ib« hend In tibe mrip of 
ftud the ucgJ})^ aarauei dw paiit)i>EL imlimifd in H^, 45L Tht pin 
ih U th«n tarnod nntil th^ okattdtr of the tiirt^iul juf^t koep< the needle m ^ « i^ 
ountAcf with the liraoL. Thli U iuT>onipllthed h; rnliJnfF tti« pEn A so diat ,9^«d| 
ihe ueudlocau liiru rrcelif, tLinib^ tht- piu nntil thi? nepJl*, when at iwt, , .:»n, 
fulfill the required rondilii^n, niLd then dcprcMihi: tlic nccdlo. 

If ^rorlrU-itT ^je now imparted to th« oondnclor, it i» fomoonicated too-^^ 
\\\v. mvnih.. nnd the Inttvr repeUed> This InrtirunHriit in exceedlnglj smfi! — M^U 
tire and rcrj raUE^)]o^ it dooi better *crrirp in Tolta> fDnduDnU^^^E^M! 
«xperfraent thnn any atht't; hn% |i ig nut adopted 1o claaa UluftrntiOD 
hnonnvr lluj 1ln<? nmdlr cim »i]|^v hr impn n^ftf nr liimd, 

[W3] Bohnenberger's eleotrometar.— TIia cipcrimcour 
MLfWy niako IbU appamuA for himaotf, A ^nriro tiinibler ma^ be talUM«:^sv< 
and u i> Zamboiii^ pile« M(liioh«d to ih« ouicr; Lut in thU ca*o tho fiM^^^- 
luuf banK« between thew aod ^cke £ait too eaalljf, ai^il in shaking it ]oa»-^M> 
la verf apt to bo torn. It b better to take a lamp chimccj, aboot ^' ' 
Inches wide, fis sKoim in fi^, J&7, for which a voixlttn enp utd bai« ar* '' 
lunied ; 1m ihn fcicrt. Gg, 4^S. two ktvotdi am mni^n 1o recelr* the tub^^r* 
of X\u^ Znmboul'!! piltiA; tho groortt are oonnei:ted hj a «Ut, vo tbat bot::-! 
may bo lined wiih an unbroken itHp of tb« foil. Th« tnbei are IcA «f** 
htlciWn luid EJriL llU«d ttjth itia dixkii of pa[)eT and ihnn rrm«ntaA In tbi?£r 
ptncca; as they ure tounc^cted h; Ibe nt-rJp of tiu-ftjil tiu as to fom ooi' 
pHfl, Ibe poTw have alwajj equal ftreagth. Tbe tnvulatiiLg qutitioi ^ 
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tniiTj be cftrdallir t«flUd, ftii4 tber muflt bo ^f 
of paper will not ht T«Ty tlghil^r coinimatcl. 

T^tola Z 1<» 4 ^biM In ^ftmoior art Inr^c i^nnngh : ihcj ^y^_ 457^ 

mr^ bcA rut nitli ft puncli of corr;ip{>mJiug lixe. uul 

or inuUtioEi ailvtr uirl i^ilt |iOfi^r, i>ft»t«d tORlClbur 

«rltii flUrvb. If thu ihcctfl An pMlcd togeUmr bj a 

tHxikliujiUr, bu muEtl bv iHrtwUkt nut tu use tUir pitiie 

mlxml with ^Itie «bk-b tbcy uso fur other par|)oic«. 

TbA upper cad or tbo labcv may bo ctaivd by il cork 

l^arvd (jC vmaotblv. ftud n wjr» ibrnM throngb ibK 

Mrhicb h b«ul iult> a riiiff on botb *idr« and prru<» 

oti tbe paper. Of coarse tbo two projoctins CDda 

muBt be of tbe a&QQ« ]«ngib. If It b« dftdnd to 

fiimhh tbe upp«r end wilb ■ bmm iniJunliTiif, hnvin;; 

o »crcw on tbc oaUiiJc. in order to atia«U to it » 

brua MVorirUh a Tounddd knob, ibv iipai?^ obovo 

Uie (iftpent DiHT be fdlcd witb ■ ipinl vdiI of brua 

%rirt?- Wbeu ibe wiiY^ tiru ji bltltt Tou^vr than tbe 

VArtiAt fpfti^ri, Ibvy f ttvu on tt'o papers The pole 

irlajcb hu coppor up^ennoat lit paMMv^, heoDuse 

tJl9 iMt coppvr ttud ibtr lut ifn nrc aoi conplcdi 
TTm (^oaclaeCJafc wir« U in ibtti, «s id oiber ib]w- 

trometen, tltber wrtpp^d nilb sltlc, or ront<*i) 

wlUi ATftUiig-iiiu and cL'[iiRjiU:d in wllb thi: laini^ 

Tbo Bcmr en the ou'l uf ull of Ibciu AEiuiild bavo 

the ftAtDft thfgiul, in ordi/T that thn nmo pair of 

<MiuliHiviiig plfttu Riijr tit iimhI HilFi nil 

Tbe l&rK*> Jti^^^ tubtj U h>>t ociDc^itcd tn its boae. 

^at A vtrip of voh'&t or linwi, n IJltlo narrower tbnn tlin t^epth of tbo 

c^BTltj in Jhf huBfl, U pfrttpd nrori;ri ihr gbuu tn onJer Ut rtipk It Jn fast 

Tbc dbkiof itaprr of the ZamUonVn pile lie Toottdy QpoQ each other, uid 
siOTt or fewof of thom maj Imj introduct^d into iLl^ tube, occordiu^ as Ibo 
wlr«« wbicb form thp poks p^l^<s upnn thf^m more or l«M lightly. Bj 
thbi nwELiu iho Tlttcgib of tbr pule^H oud Ibcrcrore thn dcHtrivif of tho 
in»irutnriit, cwi be rcRtil&tod at pleatoro. With th^ dimcoaloua irivoo, 
th« poiofi cut tfojdljr bo lattdo bo ttrong, tbai a i^trip tA tm-fbil nuspctidcd 
hriwM*n tlieni will oHui1kl« fir a tunndernbte l^m<-. width, i>rooi3rHV, Cnntt 
lOL occur when the (natrnmenl h used ft« an o]i^troni?l«r. 

Thiji limit ftboald, houcTcr. bo approni^tH^d nH iicurif an pondhlo ovon 
iritb goM'leaT, wb«n a vfiy s«Dfcltlie fnetrnmeQt fn refjiilred. 
Tills iD«traiaent hju al»i> bcrro laadc hEUi ah unbiokca borizontal plH 
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lAfliriut or A br<^l«ft r«ttlca1 oq«. antl ihts two polcA broQgbt t^tr«nl tb« 
middle T]ii« ci^iKdraoliou bun tlie ilifflcully, iL^t »ue mvsl eiihu bate ft 
irluy of proper iil]Df>« laul^ or cc^sbrncC oo* by potthfc tocttlMr plaki 

of gtmu} flg4. 469 ftod 460 ihOtt tooll U iDVtniDCUt, TbU fom liM 





ilnlf th(i adranu^ ihkt the polo wirtti f f *ro Iniig«r- If thcf 
mtilD Ciliulii: atid m-tL-i) an bj J4!rT!HA iiitii^rhn] Psl?rriBT|y icrrniDftliu^c L 

of tbo inflinimnit, niny iw vAn«d nt plsuon. 

[3i4] A CoutL>m1i'« lorvion b&1nn<^i.\ thougb nut a verj peHVcC on 
ia«y bo m&ijo by u^inu: for the oIoctru«!UO|M: i\%. 448. ft rlau, A incb^^' 
in ditUDfllGrt p-mdvuUnq the upper laountini^ of the i^Iilmi lubo, a^ <t 
oitMhinK nn ItvA^x to ihu bruKft ^1u. Tbc Aholiflo Qf^eille ii incpcmded ^r^^y 
A Ttiy Guo »[LT«r wlro, iusttad of ft cocoon flror. oiiil the t«titija U effcvl^^*'' 
bj larmiijf iLo pin. Thti blto poinlH of !b« npper otil luwcr trroidiiftti^ ■^n' 
ttiut coinvMo, nnii 1h« ilUk or \\t\wA mnit siand opp<:i^Jte tUii wImo l^kic 
mark on Ihs cup Ih iU tcro. It U n ic^^ pUn lo cc>n»trfpntu th« dL ""fc' 
of foil hy one of finper en the otbcr end of the ii««d1c whicL idi m a n.'^W^ 
and brtDgn i1j« nffodia to rvai nooner. Th« onp of the glui rMHiJ ibqU '^ 
hoHB, nj iLi tci iiiimtt nrintrodaHn^ « cnptuTn wUh lioinif fdvd r<b]ciHik ^ 
colciuu). It U iijdt4EK.-i]s;iAilt. befun; u»i(ig Lbe mnlramciiL. Ui »ipc I 
cylinder (tnd thn tiil^e vith ^ voolon cloth; tbo suqq preoaallon a n«( 
■nry with nil <^1i*(.'trouir-i«rv ICvp^n'rutritt vilb the loriiiaii bnSnnc^ bff<^^^ 
u lur)^ audie(i<.4: Ju ciul oflcLi buocrvd, fur LIk* hlr lu u oruwdtHi fdoui » ^^ 
bccomoM too moljit 1o admit of anifi>rra r»Ti1t«- 

[S4&] Chnrg-ing n golii-loaf, Kirov, or DolliaonD'« oloeUomalef. In or^*^ 
loJ»d^ of t^e eJTpf t of tt *>U(ly h-M in^nr lu ^i* be*t DlWled l»y indnMic» w. 
The knnb of the nkclromnlcr lo toiifbc^ with a coLi(ioi:tor, vihttf <w 
oxclicd rocl of gloau or ecollng-wax is h«ld bear ir, tod the cobtnct brvfc^' 
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«er<m the (iMlttring boil/ fs remtivt-iK Thri ALtem[>l ui cliargc it dirwUy 

^'doia VDcoc^dfl wclL If ihu bi^ly 10 hiirliE^ clectrlc-d. it '^l^cn acU upoD 

^te «3ei((rDmoUTlooiitronjTl^nC adlntani!!}; and tf itlicloofbcU/chur^dr 

'^ ComoiUfiii^alvi M'nr^r any f^lottrit^Uy lo tlia knuli^ on >u.vuii»t of [U 

low CJMiiDCllay jjowur. 

[ 3*5 1 Tho proof plane. — Wlicn it i" roqaircd to tcit tho nlcctri- 

^it-X '>f fl h<*t\f wtik'h 1m too liijfhlj clinrged to be brought 

*ie«M ilio olectron3«1er. or to ItiFpHit^le llio difTtialoii of 

**J©<nricily ortt Ifcc »iirfai*e of n condoclor :t i« done by 

lU^niiB of Ibe proof filikiio, Thlrt Is & ULak of foil, tJnae), or 

Rilt papnr, } tm fiu-h In dlamHrr, flfr. 4fll, r.rmciitrd to ft 

t^ici ^lass rod irbkh fotdatc* well, Jbud i» coat«ii with 

■sholJoc, or bettor 8bl>, a rod of sbolLac* 4 to € fndioa lonff, 

^^ht* hodj to b« lMt«d iit toQchffd K'lih ihiii disk, ancl iho 

^^httrfet rvaamuuk&bH] to tbe elcctroiueter. whkli Itta Wen 

■^Saobftfjccd witb the fln]r«r. If tbo eleolrldly bo too fccblo, 

^1b«> couiiauiiir'fttion tuny bu ri^pentoti a numbor of t]Etit>iL 

Cs^:] The electrical machlno. — t^ig t-Jedrlcal 

>t mAmilM at llio »*ido titao of the groaUst varittr in con- 

■Woffrlon and k1i<<- TfiP riiw of lh« maoblii» d^pendtt. otliHf tVifn^s botng 

^^ximl, upon tic length cf llin fi|mrhH di^tirpil ', and It <'iuinol 1w dc:iicd tbftt 

^^I pb«oointEi(v of tbcoretical importoarc can be oxhibllod m wtlE with ft 

^^a^hlDO vMc-b ylaldtf sparln ) to ^ tooh lonp u with one wblch grlvM 

^ Uj 19 Icit-b npnrkc, fnr Ei Ts imntntprlal nhf^tlipr a sfaglo »lirrt iif puprr 

*^ penetntcd or awhde pock of cardii- In the nchuol iho mattur t-'aimot 

^^ always fOgarded 00 flb«tra<jlly, as it la procisoly tho vaiiely of pbono- 

'*>;bii» ivblohoftun ri»ci* the nttonilon of tbo pupil, and iterTPt to Hlaitratc 

Vre tbcory^ Uutllie? philoiapliTc amritour is dt* liUlt? ^nUtiGod villi a uial* 

IBIUB of «ff6H aa tbo wbolur On tho other hand, nil annccDf^ary cx|>rndi' 

taf0 nmst ba avoided, and in view of thi< wc may nitnt that an doctrical 

mai'TiiAe, lb« I'Oddiictor of vrliiob HiTtjrcl.H »pni k^ 1 tri 2 l^tieA la lenglli, la 

saOcI^ut for al! rxpt^rlmoala, eic9i>b «uch a« Von Mnrnm Inatitntod, 

Tbo IctLgih of tho dparka depcoda alM portly upon Iho contitrufptioQ of 
tbe mftfhiaa, and fl may be aMfimed in gpnprnl rhat a plato machlno 
vthkh haji a plate 1^ lo 18 incbci In diameter, and docff aot ipvc sparks 
foily 2 iiiohcfl in Icngtlu \s to bo coaasd^rod durttiiri- til\mT 10 malmal or 
pooBtracitoTi, If th# machine be intfnds^d for instrnTiion, oari> tocbI be 
takcQ tbal It fumiAb negaiivc clvclricity u irdl uEi pualliro, aod if poutllild 
ia oqnal otrtogtb. 

It it immatehU whethef It be a plate or a oylfndcr macblae. CylEoder 
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mficfaltin* CUD be furnUhtd Romovhal ch«afwr than p]«l« mftehlMa 
cqctJil piiwvr. i^Ttiiiilid the )i|inrk« rrqLiimi iLu not nximl ] td 3 In(!h«& 
Tb« quuUoD wlwtlier it bo bpttcr to unJi^rtAkc b> cooitrnct a nulua 
or to btif ono re^d^ londo^ ia a ditTtjront i>d« to !Il< lMch«r uid to ili 
amutear- Tbo former rauit ofthcr pn>rld« tn ttitir*ly dcw appontn^ 
ill LbtH L'lbie to lu&Wu iLu eleulriual uuL^hititv wliccb » tlie rcrj fint piiMW tut 
ftpparatiQ« tJccdt'd, i« oat of th« quMtloti i or be &iida a macUM iniiabl^^^^ 
exctpt tbnt it boA not mt tntich power ftt mij^ bo «xpocUd Erota iu 
nitd b« budi Irk Impruvi* El. Tb« uinutnar wIlJ lake plumir? Id cinuclrwAln 
bis oint iiiiichlfi«. TItc prlnd)>lei b> wbicb b«lh »lio«l(3 be ^uUeO 
bti dovBlctptfd In tbe folEowia^ T'^l?^'* '^ ocijcriii;^ % lUAehiDo, il eboBC!^;:jif 
b« ntlpnlfltvrl ibai ft sbfiU be cnpalite of being n^ed boih for podtWo ftC=:iijr 
fi«i;atire clcctrici4j» Add In a hcali^ raum in wiiitor ^re Hpariu of & 
cortajn Imt|?lk 

r34**j Tho plate or orlinder, — PUtw for this p«rpo» i^^^ 
UHuuIl; tuiuiiT iif inimir g-ljiH. iLnd mnf lii? bnil, miif^y n}uniW arid pi«er^^?if, 
from ibo DUiuufiiL^ tones of mirrors; tboj diaj bo obuuacd tbrowgL^ ■ 
detdcr m iajrrcri» Id goacrfti, ;r«?nEAii glfw« b to b« [^rofcmd- Pla^-^ft 

m\j aJfo b« hm«i fron |UftCft ^I-^bw 
fkutoKcM, but tlwHo ari- vililom of »m^ B(- 
cbnll; er»n ibickncM, and tht lub^bv 
ma*t b« mftdt T«rv jioldingi Gooh pl^^ ^^ 
nren iil oil CTfct*. oot to b«r iwimiiiifiid ^kJ, 
TliP iLxia Ib QAU&Uy JDwIo of iron. A 
thrfind u cut In ibc raiddl« of it^ and ^^^ 
plAiG futciicd hf tvd ttoiit pk(» BorevBT'Bd 

on Lh« uiH Jii"l w|«ra1e>d from the pi 1^ 
br l«»th<T vuhcri. In innnjl nocU^^^ 
tbc \^p^x of the ui« miut b^ nc*-^ 
eqonl 10 t1i« dl&iMi.'l<>r uf Thp piftte, ancS i^ 
should bfl L'urirrifd Htlb u flloal voo^V^ 
coTor T4rniiil)od with «ra1lair-Tu, ** 
fbown in aectjon lu flg. IGS^ Since &^ 
bole In th« jilatn U Hivrnjn ^omevV*'' 
Iwjf^r Ibrm ;hn »xit, it in cmj to ai^j^*" 
UifUttwcjiAcU/iiiULC i;oQtfToftbc p1»f>^ 
before tcrrewiDg tip ih« m^ulJir plfttoi 
TVfj IlK^ttb ninn aSLtft ana pit4'erabIo f^ 
iroi», but Uicy r4-qtiin> very careful irorkmoDHbi^^ and it ii botMr to k**v 
tb«u to iho iaslruueuc muber. A eimpl^ axLs of thb kind U doteHbod ^^^ 
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Th« b«Kiog« oftho «xi( aro mnda IJk« nil oth«r biiaricgt, of two plntM 
of guji-mvta], vrliich van he Apjiroxiiuiilwl Ui cLU'h iittiiir liy tucnvi, and 
ftTt bdt «nppcirt«d oa ^Imb ccIumiiA wiLli nell-lurued woudeu hetkdt. 
BNrinfEi of beoeh'Wood cct acrou Uid ktciiq airOt tiovOTv^ quilo ^ood 
cooo^. The crvilc has a1«u un urm of g\iM. It !■ uot KbtoJot^ly 
ttWtaiafj lo iiiAulittu Ibi^ lit^artu^, but ic iiicreiUtiEi ttie puuvr uf the 
nodan^ eoB«iiici«bly. Tor the clcrtricltj in apt to poM cfT fcMm ttia collocL- 
iag Arm of Ite conductor, or from tbo mbbcr to o iion-iajiukled nxur of 
vblch on« maj efuily utlsiy hlrii»«1f In thfi itark. 

nkouboflliecyh'nd^niuchiiieupMKcilhrci^Kli t^ecJ|jodc^i scren« 
im «m upoQ o&cb oad, luid ionlwii of pMtAa, wood«u c^pi uro avcd, vrbbh 
bkOlOM th« pocbi of th« c^lliirler Thrr copa mu^i g^n^rally he node 
mnewlial Iju^ and tht^ ncirkk cviuianLL-it into ibcin, in order lo ^i Utu 
hxh exAcHj iu tbo coix1«r of the oytLndcr, wbich la crnt then acldom 
p«fftetJf attftin»fl, 

[3i9] TliO rubbOT. — To pliLtii nitif biuru, Dhbrr onn or two pdm of 
ttfUMninaj be sttscbi^d. EipcnL-ui:if MvmA Iq prorc tho-i tivo pain of 
rtbbflft IncreoM th« <[aaiitity of okctrioily liberated; bat thai, i?Koopt 
«hcT« Ibe pUt«B are moru tban i4 to 30 incbeii fa dUmetcr, lbs K^nj^th of 
tlie Vpark h ti'nuia'uihvtl tbvrvby. 

Ai the chief object of na olcctTionl machino \u to prodticc tbo irroawat 
powibk temion, nJl macbiEiiM of b*H iliintObiOEitt Ibui Ihu ftbould have bat 
ODo pair ofmbljer*. Tbe Lvyitvn jun laay lie tjki>re npbily cbar}^ w[mti 
tiro pun arc uxcd, proTidcd ag«in that bi|rh tonHion be not rc<iaircii ; Ibfa 
taeouVftoicaco niuj be fomcdii^d by u (w uoru tums of ibn crank, bat 
■othAog win Encreue the If^n^rb of the fiparb Tho mbberi^ n«e<i not be 
brootj In tlm itlrvcUon of rotiitiim; 1 to t( bcbm U quJtO ^noufffa, but 
t^oy aboald be K the radiu« of tbc p!ato in lengtb, Tbcy are bc«t vtadn 
of ^Incb boardf, th« cDrni>r4 well ronndvd off and tho Rurfac^a plaaed 
nnootb. TIip biiarflu mtv nnviTrrd \»ilb (birk, ■oft-iln-iii'd i'alf*km, with 
the rouscb iiidc outv&rd to rtc«ivc tbe tunal^'am ; tbo icatbct U glued odIj 
at the aides, aad Ihe ed^^jft pnrod 
off; a donbiA fold of flaiuid in 
Mafflng i-nuuglL Tliu Ijnc-'ki uf 
tbe boards arc covered w(tb tia- 
foU. and two knobi nra H^rowod 
Intti tfiK'b by ulilrb llK-y can Itv let 
bto • elit \ti a broad braas f prinir ; 
tbi« U h«taicd to Ibe coDdticl>>r, 
and loay be c^ompreefted by ivo 
tpbericulttcnvr-uiitH, En llTcmoniter 
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ihovn fn flff- 4ftX Another moAc cf fftitenintt tticm U tcea in fl^-'R 
vrborv iho rnbbtn aj^ attar^h^i to two atroDf; brtu nxJA conbceted wil 

Apiral »pri:igK, coilcii bround Ibc wire r, bntivcp:! tlic btu» LTi^jb* 6 ai 
tho rods, Tho iiln c U Ihickcat in t(i« tniddle, ftcd filed acjuAra Iowm 
tk(* i^ndf, » na nol lo torn In the bclon in tho rods, which ftre aIi 
ft(juttr«. lIowi'tLT thiT niblji-r* muj tr fjutcnnt. i^iitIi |iuir muit bni 
common f|>rb^> to ihnt tbcj^ maj' Ihe iuor« ca«ilj yield to Ibtt \nwfn 

of tlio l^lJi-iH pZtlv. 

Th? rnhhrni nrfi fn^feneil lo an tnraltted ball of brusL It iho tii 
the bci]l. which ^cprndji upon ln»t^, ulaVca brau too oipcn«irc. ■ wood4 
boU muj be Aaboiilul^d, rind th« rubbora Iwloned lo n hraM rod w1ii( 
pataff* tbtongh ihvr ball and i«rmfoatw Ju ft brsu knob, I to S 1«ch«« I 

The maxiner of attochbg tb« rubbcn to n macbtno h not f^iiij cbaa|| 
without entirely rooonstraoiing It; but bftdl/ ooMmioi^d rablwra o« 
fiuitj bv «xchuignl hr ietl^r oncL The pxi^ltifd part or tb« p!At« ron 
be eorered with otl«l bi\k tt\na tbu rgbbotv to the collfctbg i>cjiiiU of tl 
eondtictor Tbifl flap h ufuall; rniitnnod itonivdialdf to the nibbor, ii 
«appoM«d bj tllkeo ou^Ih fn^t^^nvd to tli« ^tlkn of i1l« macluoe. Th 
flap of oJTed silk cuiin^t e^iiirol/ ptvtL*uL Ihu ooiou of » pari of ll 
pogntiTc [^]ectridi7 of the g\ixM with the ncfrativc clc^cfn>Lt7 of the robbe 
«ren vhon iho latlor la ooi InsalDtcd; tbt» iMkt* j»)b<N9 nh«r« tbe gtai 
IcnTirn (hn rubber. Tbe [|iiatt1t; of oivolrlclly lout In this wsj it greab 
when parU of the rubber ore umnl^nuiUd which nrt cot in contact wil 
tbe gloM, It U nocctMAry, Ih^raforo. to hvoid amalfffiiofttLii^ more of 111 
rubU.-r than JN fEctiinlly ih vanhiei whh tlic ^Hta Tbf» lou Is Ptpeelftll 
aeaMbIc wlitu tbe Tubbtir» uru made of thm plated of utUI covorod wit 
leMhcr, uad tor this rM«i>n aucli rubboni should, Dotv(thBt*ndiii|r Uie 
olc^nat npjicunLTiL-o, bo nvriJdcf]- Thii Ioki mnj bo KOtt effv^tdftU 
CumiteraiTltii Lj pufltJiig a atri^ of lliiL-k itilk to Ull' ulilte of the rubber, an 
•Hoiriai: It to pOM over tliii oad cxtcod n few lachc* under the flApi H 
nmdffiLTii ii Kprend u[>o]i lliii iilk, and counvcitd bj itripf of tio-fcdl wll 
tbo baric uf tbe mNbor The *U\[> irt tllk whfch Ik placed under tho 6a 
reqitffC4 ito further faHi^nlny; it vfiW be iDimedlaUly attraclod bj tt 
olectnAc^d pluto, TbU improTovvQt 'm t^tWy oiuJe on almost any moclutaj 
vid l&or«iucs Iho effect eHrprUingly When tfao ftHk become* «o0efl 
perttclra of thn iinmlifMin, whlih nnr <'3rrEi^l forwnH b; iho plfllOL It mm 
be nbbcd off witU u wookti clulJi, or czcbangcd for o clean piece. J 
spite of «U pr^auttonn, tbe olecthcit/ from the rubber of mnnj macbloi 
will be found Arongcr than that ft<tm thir crundtiotrir owfn^ to the IoaJ 
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mmrnbtSor, Icitotd of tbe ciied rilk, wbioh Im DCt dwftji of tie um* 
quuJitj. g^LiLbL'[>ctvIiii t>iii>i:r mik<r Lu used witb Ihti k&uiu i^lTiii't, aad Eh muvli 
dbMkptc; a luUt bovFOTcr, cnly nboat tiro jr^^Tt, mud thva graduoUj 
bcGOOWS to Uodn tiitt it fillt to jiUct^. A better •otaUcate «liU U ilU^ 
vamlshvd with nh^lUc wliilo nirnrHLml ou % fhiinft- 

Tbe Bkfjdr oroppljiDg tlic niDditanL hiu already boea giT»; Tto rfuiml 
Uf(«n«n]lT uucfdEMTj wttn tho full jjoucr t^r the mwrblat U KqnJrod to 
be tx«rtvcl afur long d1«tiu. Rahbinj^ oilf Uiit cnidtlciiu vEth bloUEng- 
ptpcr, or limply tubbirii; tbcm Dgoioat cub oilier, i» often auJBi^Icut to 
rv!flor« ibdrdfocl. 

Oylidd«r niocbiaM are fiinuuhed with but one nibbor, tli? lGi]fit.b of 
vhirb ltwkmtiiiihatofiUrJvjl\udar\ Ibv brmUth itUuuliI bf-aboul 3 iiii^liv^ 
or im iidkU oucIlIucs doI more IbAQ j or ILt ulrcutuEertbCB of tbc cjliuUcr. 
!t i« ma^tf «r vood hollovti out to ^t tbe caDTC-Jtitj of tbc cf tinder* >nd 
ilnlM vHb horv0-1iMr In onler lo jIpIiI mere readilj lo Ui^ Ireqi^allife^ 
of tlio glu«> A Cfip of o\hi Mik ntait ci>icr t]i« cylinder fwnx il^c cii»tiion 
bo llu conductor, uid in Ibta iMuti Ako tliD atrip of itlk muntiojieil ubora 

Ifil bcmioitud Ui JuKuUt^.' tbr cuAliictn, l\^^l•. npriagt auai be «cL bGtvi;c» 
it «d4 a amoll oarcbjJI; ruuiidcti bojj-rd nttacliL^J lo tbe glMt cobjmn; but 
it ff dtlDoult to prodaco ft rftHablLi |h , ^.lh' in Noch ft cu«. Id anfUlor 
nuKMnai (be gluii column itavU i-wu bi« injiiiorleil ^x^^f^u btnoTAblr woodon 
btt«t ftgainttt yrhkh tbe ^priujca ovU b unlcr to prtsi ibe cuabiou Jt^ainat 
Um i7l!iui«r, ik« i« HOD b fig. 465. Larfc machiu?4 of thU (ort do not 




VMlllf liiLfi] ihfl (MithioD iTifiuluted, and tbeo U la tftJijr to Mtacb tbe 
>^t|iu; Bpriftfis to lb« auppofL 
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[350] The OOndUOtOr. — Tbe <^dQ<lt]ctor nftiiollj oonritts, la ma- 
rfilniH whrri* h hits tir »ynimrlHcRl ptidtlnn vrhh the rahlwr. at n thon .^ 
cieulljc cjUaiJar. frvii) 2 U' Tj ilicUci tbkk %ad 10 to iO iorlie* loagi .^, 
Qtidliig Id a lk(^inMpi>rr(i, or of x «]>faoro, 2 to 6 fach(» In d&uti4Ur. 
litter ahspc ti: ftluavc preferred wlieu the coailuctor tta^idi opjMidU 
8iq>|Kirt of Uio roUtvri u H dom io tliu plule iniLi^liiiiu. It goiwrallj 
OD ttio ffdc opiMiiU the rnbbor a stont bruHi iHrc, 9 '.^ A 1a«1iOi 
ttrtDinatiog In & knob, 1 Int-b b diamfU-r, Wbun tho aapport of tb> 
coflliloa la a Tooilcn lioll, Uio conductor may b^ oF woul tou, aiid {a tU 
cue tbe soppoil of Ih? c^^luctmg arm pumoc throngb Um bdl mmI l« 
iiiiit«A la a eraaJ] bras knob. \Vben ibrr c'>aduHr>r coixfliMi mmp^ of -<-^ 
raRinllir or wnodcti Imtl, It bi xaj dttdrMo la hnvn n <Y^bv)rf(^ cwaclpct*^-*^- 
ou n nepnntd itutLd. ntiicli cati he platjcd in coutuct nitb the cuAkn ■■ ^ 
Um prtfie ooadQctor at pka^aro. 

nit condooior vbonld hnta at vncb «nd a proJ^cUng bran win, S t gr--^ ^ 
imhc9 long, tenutnfttldg in a knub. The ciTr^rL of tlic Htmpln >rpark fr^^ ^q 
tise conductor la ^rvatly Liicrcaavd bj auch an ammffiiEivfit Tb pri ^JMoif 
uou^uctcr cnrriQfl oo tbo tuda next the R^nfm an arm vhich b fbvked |br 

put?, and T'ibujiL*il Tur rylJiMer muL^hiEiea, villi ibarp points ^Jrae^^^c^ 
bittiuU Uiti gltua. The pobU tihuM b« pa ibui) u pOMible. The 




t^> whilst thaup pnlntaara fUiActied nfionM be^Btlentlovari ilitialJioi 
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onlf TBinbihfid, bnt thickly crmU^il njlh w InjiT of tlK^IIiu: or ^jrallng^wu, 
in ordtr to prOTCnt the vacapc of ckctriciit^ lowurd tliu mk InsUtd of 
•nUlnf tb« coUaotb^ potntt In 4 jEtritlglit m(>u1li« fork, it li ttlll b«1t«r lo 
empkij A bwt vmiHlrn cm^ m In ^^ -I^h, unil lo nmkn Elm pnjntK nf plD« 
Ki in B dit tinod vrith tm-foil »[ici fittfd up ttgAiti with ie«]iug-vrAX^ 
WbAr* thU vDodoD qfoi Joins tUo tnoUkl ouo, it 3e concioctod >*Etii it bj 
ctripi of IfTt-foil, %ut\ the whok* Brm rurniuhcd with nbcUftc, 

[3il] The iiifiuL'iUon.—TLB tttt mude of iuKulaiiu^ il* coxiduo 
l9r, tkc rvbbcrf, ftnd tbo bearing of Ibc iueIs, i« >>j mc«n» of colomitB of 
gr^en glut. Tbis« colnmnt mv, bowevvr, very cxpcDAvo, sincti wrth a 
plate \h or 20 litehtv) lu dluineter Ibe/ tntiht bi« nvarljr that high, uuU both 
slrtofTllt nod ^ymiuGir; n.'qulrc thai Ibuy 4hi:*u]d uot l>c too sk-uJcr It 
irill, tbcreforc, oflon bo hoccmuj to a&o instead of Kottd colamm, Htont 
tub/*!; lh«u <«n Iw TTioro readily protrinvi) aimlglit nml tolerobl/ iiii]f4;inu 
In th1cki>r»i, Tnhfji uuiror l-hir imri^our r|iiiLif lu tvrll m irtlkl ro1nijJH» 
irrhcn TMcUlied tnUxuaJlj with fihdluo -^nvl cumenttd id, claritig coll, drj 
vtatboT, or b ploco of faofut ihlorldo of rnlcJiim fadOBOd. 

TlidcundaiTton heiTit frrf|UcDtlj u ncrk 

rtt'elTo th« bead of Iho coliiiuna, u In 
lC7t which U rerjr ohjjicttonftblo. 
ng u iwnitdurable e*npc of clui^- 
tridtj along ttiif giM). irUich maj be 
readilj obMrf^d in tho dcrk, Thcr fonn 
of the iiuDlntod bcdj fboold nthor, tui 
Too MfiraiD dlrecls, be d^iiriru«d uL 
ihifl |>olDt, w Is abovrn In soctiou lu G^, 
4i)B. Tho defect idbj be partinllT ru^ 
iMdIed, bf l^»Tn<^llJl7 nroond the U»«er 
•dge A iBiootb roll of fibcllflc or ftcnltng- 
; 6 to 8 liao) thick, rolled oat bc- 
D boanis vhlle warnrL 

iV^fvi^lM of InnalAtlon inf1nnn(*R rbii^fly the Ip^n^h of xhv n\mrk, mid biiTo 
Tcrj little effect CO \h*t chargio^ of iho jon, ucIch the teaiion bu |rr«At> 
AUnj RtacbiDu vitli wliicb ^ hntt^Tj maj bo charged Terj rapidly giro 
only Uion tpnrkc Thi? ptTftrlioa of too !iiKuUUon mny bp jodginl by ihc 
bni^htfa of light irhtcla ftlreiuu from tbtf cojiduct^r iii Uitf d&rb, 4Bi>^^Jally 
towa^ tbQ oib ftod AidTiK the cQlunif]^ which oiiicbt not lo bo riaiUc if 
tbo inaolfldoD u good. 

[S69] Winter's electrical macllillds. — Ttjfi atcctrlcal mocbiTict 
«iaiUttct«d I>y Wintc^r. tn Yii^nna, hnvo ikttrocLcd moch altcotion, od 
■ocoDDt of Ihtr loDglb of tbo »piLrk Yielded by thufo in ptop^rtlou to tb«lr 
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Ctnlimetcn (IS| In^bCfc) in <Uun«t«T, vLicb^ with proper tDaQAgftnoot, 



vfll give ftparks 9 to 10 Inotiva loikj;; ami us Eih ron^u-ut'lioii aui 
IntUUil \ti TQMy rcApGctA la cthor mocbbu wiibout mncb cxp4aie, « ful^r^ 
dMCTiptioD of it !■ pitcfi. Fig. 469 U a ponpocltTO riov oT jl^ | to i^^^ 

F^. 4«3, J 




or tin- tial.nr»l mljc, Th» pinie, which [i 8 milllnieters ihick, In srcttfed h^^^ 
«cr<v» l>eiw»a v^aodcn block), one of which b coanecUd wi'.h th« vii*-*^^ 
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b^ as Bitfl of jrrtm ghat i", 24 rcnlimclers lunir; t^e oUier ea^H jii u 

jficlii^f^ii turning in n wuoiJt^ji knob e-, wUirh U 40|)p<^rtcd oii a fflaM 

Column «, 40 rcuiimfftrrc high. The gndgeoriEi nre bIE or wood nud tura 

io wooden Uc*rinBi, TLitt riiM)t^rii nir njiulo of wooil cotptwI tritli 

locLtJifr, ukd flluffcd wilh A Uttlc coUcD, ftad jvrc broador towiit>l ibf> cd^c 

n^f. -170 Hbcivr« ■ nitln vkw nf onn of ihn rnhherfl- The Ijoord «. upon 
^vbicb tno flpHtigattrtffMteaet^, GlamloiheKrof^tciof lliohockct, fl^. |Tl- 
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^HSa socket U SD«nI wlib lOoUt, Aud couaecUd 1>y «^re6 wtlb the blvlk of 

"^ DftSnttTt ooDductcr o, fip, 411, whiL'h m iiuitftfid in lljt bnh *■. TbU 

^*>iicfu(cor U 0ap[jorti>d ou a ihuri u1ai« oolumuy^ A Mo|j i>rolM I'tllc In 

**t*eb«d 10 tlu rubber wlilrh extwujn lo ib** ouUk'IIii^ flini of tJjo ooudac- 

^^^t anU in HoobZc tbroafrltout. ihnsc or four Told nt Rnt. (Oihd lilEc c&n 

^ o«tn«ntod toRctlter bj noluiiuii uf ibtJtAc.) As ttic»« Ua|^ faU olT Trom 

^*^o pl«l«i tod curl 0]i «bi?iri the mitchlTif U not tn iiflp, Iklln ptni of ipliL 

*^*-ti^ nr« omh] to kffR[» tbcm In coimUiUt cnntnct with Ibe plube jj, Cg. 4T1. 

^'^ conductor i* aupportvd uu % leloaei col(;inn f;, IT irciitLraclon hltth, 

^*t <«ailBla of A boUow gioh« of brvw a, LD i^nntiniotort In tlluinetcr 

*^'*i5 ((lobn Ir iJcpn'i««i lirJov^iutK tUowi\ fri HiC- 4T2. IL Jium Brjliudrical 

*■**« insertod in it abott to rectiro the bundle of tbe wooden rio(f. *ad 

^Pp««lte the (oll«<tlD^ arm o bumiaphoro only 6 milliiaQton in diBmeter, 

*H|^|i filldM in nnd oui In il narrow tti he, I ini^b lon|r. The culIwUDy 

^P|>«.mU7A conviiU of two ibicW, polinhcd wooden riuifan from S to 5 

*^*»llmewr» Ibkk. witli an eaiom&l dlauiclcr of 18 rcnlimot*nL Thef 

*'** futnwd to 4 T-flbapvd ttrnt of brAFi, the bandl(» of which, r, Sg 4T9. 
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diiks iDt^ tbo boll of tUe oondtictor. A grooro » eat oa tb« imlde or 
Mch rln^ nhere the exotUil snrftuT And upprmtchei it, u Ik bmil in 
liie ring, (ig, 4T4; Uiin s^qotc U IbcU viih tiii-foil nhUh dtonds to li« 

ISff, its. 





cro»-picc« of the Arm, (m4 vet nitb a thick row of fia« put p^ntf 
whicb Kuh only to tiiu iurfuce of iho riii^. Tb« ftiip|>oct of Ilia ooodwior 
K movnlil^ OIL thi.< liii^e, Ix^ing^, Itk^ nil llie olhi^r f;]uss rnlnnuif^ srvun*! 1^ 
ihc bft*r boorxl hy A screw Uom bcncalh ; the. ritigH can, ih^ndoro, ho ii*3' 
to extend iQoru or Icmi ovt^r thu t;lmi^^ Tlio biigeat ap&rka nfo obtaiwd 
vlivn ilitj <lo not dxtend with thefr wholo dinm^tor boyond th« «ri^ (^ 
t]if> glnjB- 

A poiyio4J woodon Kn^^ S to 5 ctiDtimtilen thick and 6S ccoUiMli'* 
in diaoifftcr, cu; ho inAart«d Into tho oondoctor hy * handU 60 ewtiMW 
lonif. «nditi|[ Id a lirnKn fr^rniU'. dg. 4^4- Tlif ring i« made of »tcn' 
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1<» the forrnlfl. Cmrfl ^>jj. 475, 

HtQU 1>« t&l«n ibat iIlU T\t\f:, vhna Id ukc, 
do«0 not rcoch withm 9 or 3 feci of tho cril- 
iof of the rtiom^ 

A lepftraie »;)ffri--rfr«frvr, fp, 47.%. U ftt- 
tacliod. Ii I'oni^UtA of tvft hmt balln (Connect 
cd by ft mcUl rod And 9npport«d ofi a wooden 
«bui<L Tht Jar^r biiJ U plucvd opp^xite the 
lUUe kcob of the coodactor anri ronnenlfi) with 
t]*o rubber ; It Is &a oUntc spbcroict. and repre- 
KcnU on the )ii<Ic next the eendootor o ticgmcut 
of A ipbere ct great diiuneler- 

The whole iDAchtiic h fa^l/tn^d hy n wixkIoil 
acre* b, fig. JCO, tc a low table. 

Altbenj^b the nutcbioo doMTToe fall credit 
fbr tbe eioetlenoe of fu eocutroeliofi, the chief 
o»fiB« of tla powerful action mast Ite In the 
equality of C^ft cluf^ Being entirelv free from 

Cll3j>crf|tica!] omaidfiit^ IhuBQ mochiuCA cnci be 
sctJ fbeQ[ber ihuj olhent, \ pHrn Ikt of 
'^inler^ marblDCH U given bclov. l^ncb mi- 
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P l^eiB ^legnntlj flnl^hed mnchlnea* bat equult}' elTectivc, cost i Itit. 

f laUfl U net h^Ttidrd, 

[2SS] Hanageineut of the electrical nmchine.— In onjrr 
to obtASn tbc ^^^tiXotX cITcct from tin flectrJcol nLU'hinCp it muat be cut- 
fully frc«d from doHl and from pArlic^Icc of amnlgnm xnlhertufc to the gtau^ 
awl tbt< irjFiuTiitfikg culuiuds rublH-il ufT ajiIi wnrrii ivirolvii flulhi. Tbt^ 
bearinjn muvt be dccincd nnd oiled from time la tioie. It la vcr; advaii- 
lagooiu to warm tbe wholo maohine, and for thii roa*OD it phould bo 
ptac^ Ta wfnter np^p the Btov^> Thi- ht-si ^ITwh are oblMned whrti ihv 
buikUDg b warmtd bj hvatcd utr, ;kuJ lliir ujiuililue ii pkiCwl u«ar ih*^ JIuv. 
Tkia will be rcadilj undendood when one rcflccU that the air m Ijoujk ^ 
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irbioti ftftwmtdbjfkmtcMlfltfOclryiLs W be tt fertile Aoarc« of ^iscftie 

10 tiM oceupoiiti. Tl« raKhine m%y be vftTBied in sriutmer hy fiuiag lo 

F%g. ill, ^ comaion chenxjol f^rn»i<fi, tg, 

fig_ 47e 1^ 4t0, ft JDtkct of «bocl ircb, flff. 

177, icnnEnsUn^ in « pipe ud 
plffirrd with nnp^i^ns hok^s he- 
low. Tho furaikco i> 6llc4 vritU 
well L-barTv4 uool^ am>J Um plp^b^ 
HO 4lir[?ot«fL that ibo air vhJch li^^ 
b«ftl«i| btfiwi-uu the furPAoe tuC^:^ 
ib« Jnckct abftl) flow oal ftjc^lo^^^ 

Tlie lls]i« of ulled «![k lUuMt uUo lie rerikOTtKl frum tTmft ta time, u- 
freed rrom adh«n&t |)artic1c« of taid^m; il U also well lo Uft Uiem 
twforo li^i^onuig to tiini tbu plaI»H as tbujr ffumctlmiA <tiek fa^t attd 

It nc«d hnnily Itn mciilJnn^ that the rahliirr »:i^ ttio rofidu«1or 
(lilt both be iniQktf^d iit tkv umc time. The cfimoiDnkatioD mogi 
salUcii>iit]^ vrttat>]iiihifd with onu tJde, uud Cor 1t>]ijrA}itv powi-rfal BMclii^ -Jua 

11 U not onongh \a nllnw a rhnin to reii npon the dry ffocif; llio r)k ^^Kmu) 
mu!it clth<r be aproad oat npon tlic floor, or pat iu comTuuaicalkm ^ t^ j h U 
Otbar lar^r masao* of nvtal, Tliti velocity of rotatloa depends upon iLc 
sli« of tho p1at«, M thp qni7«tion 1& uot iL> much bov do&j nvolaUoofl orv 
made, iti how rapidlj thix ntlibrr puMirJt oTcr thn KuHbco of llii: K^a>K fj 
doea not nppt^ar that tbo liioita arc i<ry uzLrrow; tbe Telocity mtk^" tc 
toltmbly gri?at, bpt k sbcinld not [ir^p^rt^ oatccwi JU ftft ia a sooond, m^i 
ail uvi'riL^^ of 6 ftfct is ennui^li. TVIien the n»uitlon U too jilo», 'i** 
ulectricity of tlie plul© Ib diHipulw.! urnitr way. 

In cxpOTimcDta ir which thn maxuHiitn cITect of tho mocblMls roqvifVdE 
ll U uaefal to Mccrtain prtTkiu»ly, in th* imntjrr dc»trib«d mndvr IjmiwV 
jar, \u what coiidrliuii lIlq uiai'tiiuD b; fur iihicli pajpotie a card is 
attached lo the Jor» aollnff the uamWr of rtTolatloai noc«i»i7 «od«r 
fAVorahla f^SrcuTuttaucv' to produoc; a ipontanooai diictLargc nbco tti 
MIh arv ht a i^f^rlfltn dihlaiiL't.' itjmL'l 

WhcTi' no RcimrfiU Wlijic-rooTn con be Imd, there n uo Tcjuurcc. aten 
t^ti wtiulu power of tbti miwhiim yn to bu brought into piikj, but todnf 
tho room o[i« or tiro honn heforo ih» leolure oq EiicctrEcLty, a>id Im It Th 
lirtiprrlj aIrM i^ml hciLtril. K^pvrlraeintft with tkl^h I^u&loo, v^blk 
require ^ood iiiditJutiou. cet^r succeed well ia a room occupied for ivrenl 
bouTft by a crowd of pcreonfl- 

CS04] Preservation of the electrical macblne. ^ Tbe 
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ucMm Is ^iCDerRlTy bo lilifli ibat \i h imooieiiTvut lo «ork vhitit \r\&fi^ 
on AD ordinarj Ublo, ui(l » loo low Xo hr- pincfd <tn the 3oor U U 
bMl«r 1o hAT« a tp««ial Ublo or«Q«b a h«rjcbt That the viucli caa be Huik 
Uin)«d; lbt< machine h fbtt«T]«d to i.tiih l>y (l p^ir ofAnvw I'lampd, ivniHlnt^ 
upon H, ftiiii » covered vith n Iai^ cotton cloth. 
[i^i The Btoeun oloctrlcal machlno. — Auj Bmoil ftt»m 

haflpr irill fi^rre TO pIk'V Iho artton nf |hU ciii a 4miil| Arnli> A slmp[4- 
KmLUgemntt i>f nach ■ machinn \a w1iic)i the heat in np(>li«d nxlernsllj; 
trill bo giroQ iq tlie ae<riioD od licat Th(> tit^aui in BUoireil (c «icapc 
thraaifh ft l««l tnb», ftbout :{ Te^t Ioq^, elQs«d br u pUig cf <«ood vith oq 
mperlurr. nbout | n limi vridr, rmil impin^rn ttfrnitiiL mi anmAakii-il network 
of fino brus wire pliurtd uboui a Taui diatanL 

Kv€Ti with KT7 srufltl iimcnt^i^n^ fwMob w1[l be glren bcrcofUr) and 
ft ^rcMnrc of onty 3 tn 4 mnioBph{TP*, larh n bnlkr 
gfrca oil ubuudaure uf atuall hjiarLti. TItif utlo^t iti la- 
CTCSftod by ftZUchiDg tvro braM pJntGH a b, Qft 4T8, to 
Iho lUMT «Ede of ihe pta^ in Bucb > mnnner that th« 
iit«&nt \u e«r-spinp 1jHwt^i-)k thvtii niu?<l t»ke ihe djrr.'(rUcii] 
of tbe Arrow, If the boiler bo mtt in*nlfti<!d, the sloam 
iDftj bti dircctflil agdinBt an iniiubtt'il wtrv ^'noKe, wbicb 
gives tlw rippOdite 4?l4^rl.rfrily from ihnx given hy the 
holler 

[^&6J The UuulatllXg atOOL — ThiEt is mn^e 
Inch thick ftnd ] ^ to 3 feec t<[nare, well ronuclod 
ftt ihc contrr^ ftad mlgcs, nnd KtrengUirned at 
the oornora bj four a<lJ[tion[i] pieces. The 
giftw kgi muat bo 1 foot Id hi^if^hl attd not Iubs 
than I Inoli thlcL Sueb fJiipportt nre Homo- 
wbnl u;i|Mfi]siTe and may bfl very nhcdply rr- 
pkc«d by 4 <^>irknipftir'io bullies, vrhlcli ore set in 
•t thtt eonitn^ na nhown in fig. I71l> and crment^ 
td twil with ordlmuy ivdHng^wux. Kt-iLli.U'K tbiH lurgu iiiAulntin^ ifool, a 
vBiftllcr onCi 4 to 5 iutbft^ bi^'h ucO 34 to 30 iiJobo4 Aquurv. U needed for 
noay cxpcrinicnta. Jfoth ahould bo well rontiahcd. 

[?5T] ExperimonU with the electrical machine: at< 
traction and repulsion.— (ij IVic c^fr^mu? riti'tft. A bull ^if 
cork^ with n ivv a|ipi^[idn[:r<^ llkn ^jtidtr't legp, id fU'*]K:iided by a allL 
Ibreftd c^fir lh»oonduetOt; the palm uf thi> hnnd cr ft mnftllie pial^ j» 
bffld on tho olhar nldi^ of it, Tlir Inill will li'^ Hrfil jitlnu-tri) by (hi* cuD' 
daclor, then repelled a^vriAt the hand, then attrooted mgtSa, tta 

(S) lAf fkofncA' f/ttm^. This ii eB«Uy made oat of tvo olock belb, 



of a board* 1 
Fiy. 479, 
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into iha tctw liokn of nhich plngt of wood nra dnr^n ; ft vire it i 

throuijh Uie plu^ Ai>d Lt^tt inui m. nvg dojHf tv IIiq luetaJ atvuTe and bdov, 

M E4 eeoti In fi^-. 4SU. Two Buili bctti an nuimiM, 

Fig. 4S0. u in fi|;. 4S1, from u ctrgag Innt win, tin oae try 

Milk iiria^^, tbft oilL«r hj m fluu vin^ BMvm 

\v*> h auAiiendoil, bj s silk thiOMl, ft lItU« m 

ckppcr, uhicb van Ire mEbdo i>ra bcftvj button. Tlie 

Ml rlkich Ifl ia£p«od«d bj lUk ie put La commuui<r&iii>(i wltk Uie Aoof, ftftd 








tho wliolc npparitoA In buDf upon tbo cD]idu[<tgr. Witb a llttJo cu' 
«xp<Midituf« of time ftnd moncf, tbc bclU ibat I>« bang; upon &D incniUW 
stand, m s««u In lig. 193^ und {lofinb^d nnd Tnmijih«(l, Of coextm, wb 
Tip. *>t-T It If pcwfltlilp, brlln whErh wrr-onl slirralcl bn wilMted, 

(3) The fltrdriral fy. Kor tbS* ttp«rlBinilh the II 
fueulaud «tund of iho oloctrical otodlo, tg. 116, is ii«eil. 
fly conAlnt* of an S-tUjipud ttrui wire, fig- IS3, thftrponrd ou 
bulli eiii^tuUiL'H uiid !»Lipp<jrted uu Ibt- pivol by a Util« cootof 
dc^jircadon borod b tbo center; tlut ii«<]dlo it thcD brou^t 
Into commQiitcfttioii wiili U)« coadoctor by ft cfaaia. ^ 
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tfH}>)fir fiUu h to m?L \h*i H jr uii ft piri»l txed in one of the ho1« of the 

(4) Tht yoldfti fifh. A Q^re of 
ft ftih, 11^. 4S4, Ik l<u(h oui uf IJTiitpl, fttid 
futCDfd vith ffiun to 4v fjlk thrcodn If 
tto bead be turm^l to tbc con(lu(*tor It 
vB1 1» «ttnct«d, bDt If the tall he pre- 
dated to tho MBip. Lt tIU lie iTitcllrdH 

(5) The cxpunKJciii of o utrciuii of 

■rster bj eluclHc*^! fL^pnlHiou in ri^iHlilj 

«hA«ii b^ mpaQft of a ttn funnel Anspended from Uie cc<itdaelor; tb« out- 
let \s cloicd bj ft rork, thrt^uKh which u capUlnry liiho pAU^v. Ak i^oon 
OS tfac niiLotimti it set in moticD, the water, which before fc&rccly twucd in 
drops, bogiiifl lo flow out rapidly. 

(6) TAiT fiiTtrirai tlannt. A numlHsr of lltlln bftlln of cork or pJdrr- 
pl tU an laid on a mctftllic plate, vliicb iei placed at a thort diRtance below 
tK atoulftr plfito f anpondoJ from Iho ctiiidiictor or the tnaf^b^nc- It Ip well 
to buTA the upprr plnlc tuli^rubly Ihirk ; it may be midtf uf a ('InrEilar 
i»^Mrd> w«U roauied oflT at the tdgt^. aud cohered witb Ltu-Toil ]jaHtcd on 
Sffxsoothty, ai at (If, 4H5h Fijcarcs cut out of paprr or pilh may b« tiibtti' 
tni^ for ibe balU, and tb« diktajioe betwoea tbe platm muat then only 
i»li)[bl]/ CAceod tbe lenjjth of tlio figiiHi*. Tbo plili htilh arf «pt lo fij 
«> a from tho pUtta ; It ii, tbcrcforo, better to iacloao them b a Qlindor 

Fig. I8C. 
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ofelaag dosed abOTo ftnd bolow by a cover of pawteboDtd coated nitb tiu 
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foil upon vhhh m rhsin from ihf coniliiiTlor in UM, flg, 48d^ Biu erf 
lMip«r or miid maf be used in tho lamti muincr, uud Uiv experioieal t» 

(7) The? rcpil»ii3Ti (jf KimHrtf eloctrk-ftj b exhibitnl fcj txlng in Lbfl 

vooduclOT or Au iiLaulaUil aUinO a wftv, nbuct 10 iochei loAp^ furritM: tl 

tho DT^pcr oTii] a ninAJI iLi»1i of vood coated will) iin-fi>i]. To that dink tm 
pnirtwl nJicmaU rtd ind whUu iirip* of tl»*u<f-|wpf'T, 3 or 3 line* broad 
Hiul Mjuiflwhut mUiirler ihuu tlitJ wire, Gg. 4$T^ Wheu ibv uiaLliiaviiMI 
In molbn tbc etrlps will eprcad ont lilic nn amhrcllc 
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^» (8) Tho ("loctrical sp»rfc iaElatnei wpirito of wiinj, rther^ or a mixtntv o^'^ 
r ax^ganmd hj^ro^cn. yorf«obler)AcIiJa««.vhkhg1veftepork orsibctap*^ 

I <a ]c», 0pIrStd of wIdc muKt ht; prcvl<runly wurmi^), iir tiphlctl, %n^. nfte ' 

bdoK ftllovcd \v turn a idooiclU blown oul a^ain. Uoilx Kinnta of vici^' 
liod oUieF thould bo b«M in ft cipnilo or UblMpoon noir ft knob of li^' 
coiuUii'lor wbitli iHrliretiled downward, cirn flioui-rtirebpniiulti* rTcf^nnc^ 
■a»I>cndcd from it, 6^, 4t)4 Elbvr n«(;d iml be p[\«VL0u»T7 aunueO^ J^ 
f^CQcndlj rt?quir«s Hfrvoral uparkn lo onnFD inJinminntionj proboblf bocMi' 
tome cf them go io ttie ildc of thc' iipaoi) Exploiiro gWit ftrc Igotitfl 
in ft motftlljc rcAflol like fS^. 489 i>r 490. orelse Sa ftaoiftlliAuiLon, % 4(1; 
tho latUr id K'ti^t liable to burAt, but crcu for the one roprcs«nt«d tn fif- 
lUP, ildck tin pinto [a ttraog fiuviigh, proviJeil tha copftcitjr b9 noi thtm 
dn or .*tO cubic JnrbBi, A riiort tntje f, aljout 3 to 3 Wms wide. In soldmJ 
td tbo ootttidc of tbe ftppftrfttnn, ftod ioto thi« a jfluc tabe i I U com«ttledi 
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ih% wire which piusM tbronprb the tube U bent ftl botb cndi lo a liag, wd 
pUccd tboni i luiliimifter from ihe bouom of the oliBmtrtr. 

W?, ■*ftf^. /iff- <*). 




Before r^nmcnttDg t^ic wlva m il« place, It e])oa]il he atc«rtamcd by 
uiMptciion itti«iher ipAfki r^ftllv pfltt from the wfre to the T«nel vben 
^« •dentft! rinjr i* pmHirrlj*!! with tin' ronriurU^r, 

TtkC pUlol maf be loodt^d ritber \>y miiiojc hydrogen ita' dircclly with 
^h(r itmoftphfHc ftir, tod ihea presiltifr in tbi.^ cork pretty tightly, or by 
filing itn Dfdlnnry botrlc viih thi* PXpTosIrp f^nA And (h? phLol wflh peBB> 
"botp or drx«ttid lo dUplDc« the air; the mouth <>( (he pinU^l i« ihcn 
^IfeMd l>TtT the neck uf tliv hottli- «ud the brviid Khakon mlu tti<7 Inttfrr, 
■>c»r4Eng 1h(» hnrid tijrhtly Around Ihit ne[;ka of the iwn to pr»rnnt ne much 
•^A pouihli^ Ibn pspup'* <}f pun. In tliln wny n mrji^h iinldrf diHoHnLhm U 
l^r^uccd. Tbi! BmiiKcvt (^l»:tricul >ipark is suSicritnt to i^ita oiy-bydro- 
^va gOA In HioT-ging <liri>ct]y with hj"drogeti, lare mnat *>« takon to mix 
8l In pTopt-r propnrtEun with the nir, for n iTiUtiire of litlls hyi1roge[| with 
tkynrb air will doI eitpWe. It muBt uevvr be oiuilled tf> teat iht fttreui^th 
of tht fkxol bcfoipchaund with pure oxv-hydroj^cn gaf^ This Is ^qm by 
|>lftciof; H behind % door, contiocHn^ ^h«bi with the pirtol aud the nlre 
tftd b. uid OiBohdrgiug it by n Li?ydiTii jj^r, 

(9) Oao^rthDUost MrikEn^ cr^crltDurjU with iIlc tUctrical machine is 
Biido by plaei^ig a peri4>Q on tho inKoEnUn^ ciool ni^d contieatlug Mm by 
ft «toQt timn y\re irith ihr troiiJuc'rur. Tbt< «purli4 nr^ pniiltarly pmigMJ. 
kMh to tie pi:rfiijii insulated atid lo oqo vTio r^circ^ Ihcm nbcn thoy nre 
drftWB out throQ^b the clotbiog- If a locond porvon hold i «poon nith 
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ethifr, the pcrtoD fniiulttUv] coii jolliime it hy toucbln^ it vrith biA iftgw- 
ir» second pcrsao hold a mcUlJic pliLtv or timplj th« bdcd cT«r the 
of tho inmUcod onv, hii tuir will itaud oe «Qd; ajid tJte iun IMog 
UUce place of ItoeU If ll^e Ijtlr b? drj imtl the •lectrTfll; «tronf. 

(10) J\rneirMnjf ^la^. A Ihrcc or four ODnc:c phial i» fiUod vrith oil 

Odd vluaLHl wiih n c^ork. ttu'OUf^li wbidi n poiuted wire 

it pUKKil anil hortl, no In R^. 49$. ho th«t tlie point 

pnBC<s vllglilly ngnJUAt tbn fflaj^ Tbo pMal U Uicn 

mpeDd«d by ibe outer riug Jroin Iho condoctor. 

If ft motftUIc knob bo now viitldvnly boU hmt tho 

potut of Lbe wirt, a H|uirk tttti piui tbnuigU thn gluii, 

OTOD whcQ tho striking dbUecc of tbc [nAcbiao is 

otlj an incb^ The Hubiicc|ac&t iiperk* iiaui tbroa|^ 

the upt^rliir^^ lu ihe tMunl ttriking (U«t»ii^(!, Tbe 

Bftme pbinl may bu unt^d re|ibal«tty, for tbe vpertore 

in eEj?eedinj^iy fmc, no that It can only 1»o sceii villi 

tt Una; end after Htandlrig for daji, only u dtop or 

(■11 ciwdc* tbrou^b It- Under IIlv iDiRrotco[ra« tbp 

uptrttitv prnaputa thu dimic (kpi>e(\rA(icc w( UioM mode 

tbrough tb^ Lc;d<*n Jar, vhioL will t>« m«Atloa«d 

hcn^nfrj^r. ITnf^riunau^ly, thU ciprrlnimiL v-bidi cv 

bo pf^rfurmcd iritb :io litaple mcofv. b not ndftptw^ 
for illuslrutiou t>ir»jro ii c(u«, booaaso of Iho An'' 
ni^st ot thn hdu, Tb« win Jthonld not prta w 
kirJ a^EUbbt tbtf iiidi^a of ib« pbliil, (ilberviM tben 
ia deDjccr of bre^iux t^Dd tpElliojc tJio oQ> 

(11) J^yii- fta^Tifc utrokf. A frog, wbieh htu jail L(oh;q iinnned by • blow 
on Xh^ )tPtt(], Ib !4UH|je»iIt'd by n sviri^ frucu ii uouilu'-'tur iu ibe iieLgliburbnoi 
of tho prfmo Guaductor of iho macliULo; fts oft«D u ibo coudodor ^ 
euddttpJy diuhArjccd, a twitching cf tho Icjc* of Ujc Aniiaat will bo \*> 
cHred, To mnke Ibia «ip«rluitfrji B^Li&ble for cIim illuatniloo. ik 
macbiiin miicit bn Tcry itnwcrfiil 

l^b^i Tho distribution of oloctrlcltr over the aurlboo 

of cODdaoioifik and tbe aotif^e cr p^jlntt, may hv U]e«lrai«d by tbo pr>«f 
pknv iipjilfnd to TiiriiJiiH puriK nf ih« Mirfoi-i^ nf nn InxeSnUn] gUitjc. Tbf 
globe jxioj bo of rtiod toalcd with lin-foil. and AUapcadod by a «ftM 
cotd ; tho Ib-foU oiuet bu birioothi'd ^jiL special cihro^ A long tjlindK 
may bo f^mpToycii ft^r tb^ amu^ fPiiryx^sf^. Tbir olcviromrivr ufiod Pit tif 
Ik ){<iM-kaf ur tlruu- r1r(-Lniiiic>Itr. Tho cj(j>criucmu vim be casilj «haiii> 
to a cIiiMi irliL-ci ELC'i.' iinkL'y ja u^^t riicjutrcd. 

[259] The action of polntB loay aIeo bo d(fai<>nEti%t«d by iMU* 
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« 6nc ne«dlt to the condoctor with w&x, A candle flame b bold 
aj^M&tt thJB to ohow tbo cffMt ur tbtt eJeotrlcal vind, ud ttitcuUoEL maj 
be csQmI *t the badio time to thn dffrrrmi(» 
jn tliA kuKtl 0^ llic njiurk. Tho Uticr 
OMj oLio bo don< bj fcoUiag u needle i& 
ih4 fatttd MkT Ib4 ^ondncUir c f th« muhinc. 

tas r«r Ulnilr&tLD^ tlia ftdioa of poUu. 
Into the boofJ m m o bonl g|ju« rod il 
Axed, f^rrylii^ on th^ n^iper ^tid iTto block 
hf UiroQicU wtiicli tliQ <lirLn>-i>i>llitc<l vrirc d 
it pottved. Tb« wiro Gte lightly eaf^ugh to 
ouIiMaIa uay position. Tb« wire tenol- 
DUM Id |}ib metsllb Inll ^, I to ^ liirhoa 
m diuBctM'; but A tin ball cart in a bullet 
mould ailJ nDiwor. O|)[>o»dt« tbia bail 
taotW hftll/U fonisnvil to iltv hoxni wlih 
ftconducUrr. If Uic poiut of Uic ^irir be 
dJrocled t^wurd tbo cburjci'd ^oaducLur, 
It wiU Ailontlj draw off tbo oloctnc^iy 
vlileU pOMCA to tliis )ii?CH)iid lizj], in .i|iark!t 
«f gn*tM«r loM louglb, ftocordliift to tlio 
diftoikco. 

£560] T»o eoutriwiiicw miiy ^w ctnplojftd to proTc that uL^tric*ftj 
fttidM qqIj ou Lho frurfiwe^ Ouv cuuaiaU of a cuiiilti4!tiiig glulw, funiiHbed 
vfth two h«ttf«phcricAl i^apn, nl«o coodocton, with 
iiunlAilsg Zuuidld'i. Tbv lulernAl iljamotvr or tbo 
«pa Is at leiuft | aa imb greaUT tbuu tlml or the 
(lobe; ftod the latter ia injmlntcd on a icIom rod or 
lalk ecv<\^ tthlcli pa^eK thfou^fi lucri^iijiris iu Xht 
H«i]Upb0nt, flg, 4;h. Thn girths Ir el^cf rilled pLlbfir 
befbtv or ftAor cororing il with tlic ca|K»; la ciihcr <«ao tlio latter are 
•oddetiljr resAOT«d bj- drawinF? tbotn qokkJjr in oppuaito tiiri^ctiontt. aftor 
litsl inoHng th«m «o thut they are n<Jt Id coalact vllh ib« gloljc. Only 
til* lMinJ]ipihervK irllt Iht round in Xtn t^]ivir\rai Thr rtpvtinicDt Sh nrtitr fe 
ccftaiD one, bccaefHi one is mry apt iq drawing off tbo corern to loach 
Umb cgaiiitt Uio ball. Tbo foUovS&g ai>parataB is enror A strip of 
^nolae gilt ]npf?r, the Icngih of n thcci, and '2 or :t iM-ht^t widi*, U 
pvicd to m ineidllii; cvliudi-r ni rn. lig. 49'!. iii both cndn of whkh groiivtu 
ttrt tanicd. Tho other end of the paper U fa^tcbcd arotind % piece of 
thermcmoter tube a 6^ to which the eeds of a lilkea c^rd, abent 3 feel 
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Inng, tit faitcD«dt and which atippottji alfio ft fwlr of pitb twtk Ott llMt 
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nnd ilivcrp) uK U rolls ap. 



h^o in the groovoe r, Qk- ^ 
adJ fjutvaod by bnou. IT 
gold paper be ncvr vouiid ftroo 
th* f^1ini)(Tr wfiich i»" held by th» 
conU in oD« hand, ttttd thr cmA 
AlUolied 10 the |iapcr lr« dnvm. 
wltU ihp other hand, thf cjlindeir 
mual be wuuucl up in iu conh ■« 
Ihe papor le uuroUod; ivhru (be 
ttnilati on th? pnpt^ ooaws, iW 
L7linder will bIuW &g»Itt hf iu 
own udKbl. nnd tbo troM t4p<r 
rolli up agiiin. if thU Ukc pte«# 
ulillv tlie cjltiidj^r iH tWtriM 
the pilh ha\\f> ftpprjAch ceei 
otEior 04 the pajjor is an«oa>4 
hooaufte th« Rnrfeoe In InrtvAd^ 
Tbfe eipr.rimcnt re<juim « xcrj dry 



(b) BXPEElKEinS ON £L£CT£1CAI OmVCnOH. 

[Sei] Tak« either two Vmiss wirea, Ihe Ihlchn'-H of a flQUtr iftd 111* 
19 in^h«« bdfT, roundcil olT nt thm oxtromiUM uid pollibed wHl ofsrvflk 
piimkT ttud llnetinT^rr. ur elst iwo 1ttf|rvr ti-imJiictftnt of bniM fmooillf 
«older«d C^TifTit Ui(-4v vondiiclor* to frccn irl&ra nnl^ 10 1o 1^ bebtf 
Utn/;, well cooti^d wiih xbHIoc Tornuh, und eet in ik wo<kI«d fool, m in 
fig. 1^. VooF eIder<pSih «I«ctram«1«is with linen ihrfndii ta^ iM If 
vilkni fifrln^ c.o i-fu^h tondni^ior, Tlu^jic i'Xpcniui?Qt> mini be nude otkf 
in TtTj favonhlc tr^athrr, »nd it id htlti-r in taauy oa^e* to vUbdfi* U* 
niocirlcity fVom llie c^Dductor of ih« ranchino with Iho flopcr, vnifavr i\m 
to remtivn thr Athcr r«ni!tifTii>r frcmi U hi nx iii vrittdraw U fron dt 
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prvfinbli to itip, bcc(ui«n iem 

KHual Uwiffbr of vkrtricity h^hh 

l»k«B |iUc« ftoni ibeiu. To |^^ 

(irOTC Ibnt the conductor whioli i| 

It tt1«ctrtfi«d by lD-l«ic(^on tioe dlf- ii 

fervot kindt of dcctrkiiy ai iu 

trro ettd«« an «lecirili«d pJiU ti&ll 

1* hroQgbt rear the fon^Inclor fit 

dlOTcnnt poinU, HthnroniliiLTior 

te tODched with tti« fiu^r w-hUe 

tbcu ol«ctfib«<l, no aiattar ot what 

poltit, ft will tboK tliroaffliotit ItK 

^l>t_Jc l^u^Lb, buL 9Lri>n)Ct3r In th^ 

M>iffhb*rhood '>f Itic Emliiobic hoJy, tbo coutrjirj otcoJrk-ilj; if ibu CuK*'r 

te ttkOQ off nod the indai?itig body thoD rorantcd, tbo Qloctricitf wbidi 

'As before i*(jaA[ifil wllf cltsiriljulu 1lti>If over Iho i^jiidiietor aoironllnj^ to 

^e uvud Ian, i.tf. it nil] «ei:u[iiu]ule ou bulh ouQs. Tbv quAlilj uf ihe 

•Iccindtj on the iadnction coadactor ma; be mom certainly wtr^crtnincd 

^ mMAi of Ui« |>moif plan«, fig. 461, ttjrL<omniuuiL*jtliiL^^U«t-trSdty wiib lUEa 

^ Bidlmto IkjhuoilwrKcr'ji orKohMonTdcctroaJctpr. U> which wi rxr:iloii 

S^^jH rod U ftpproximntcd. 

If lioth la-liiftlon ooitiluet^n be iilooori In coatftct etui to «nd. and 
^|iBmio(l Hiidilnity whibr [n a iintn nf iadnirUDU^ rorb will \ioi<tp^n bnt onr 
■^^od ol eUctricity, wbich ifl not tha cm« vrhen ihi^j ore only placed ucnr 
«ftcb ^bvr In AfltraiKht liiiP. 

As tlir pk)i b»)h whlrb »ro nonrvHt tbc 

^tcctnftnl biidf are Biruu^ly o^lrwtHi bj 

^it u htti to Lirirjf tbo exclud ^lus 

ttb«j ot wbstcvor thn otoctnaod body may 

bi, toward lb« JnducHoii rcindaclfrr from 

thatv, vr ploiCti tbr I't^niuctur in a rertioal 

pMiUoD. aod employ only two jmim of 

pillt h&IIi^ iu u nci-ri ID £;. 19S, wlif^ra ib« 

MartioD it ]ifodace4k by u t^sku of roslD. 

Hie cOfidDClor must ii1waj« Ic *o arrnnjc- 

fd tbfti tbo boitdi may bv fnv to vxutiuiiu 

Ibe c|itiJitj of the e^ectHHty. Tbe [d< 

doctkiD ihould, woieovcr, never be too 
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tridlj. 

Ai^ ddEcftto fllcdromclcr maj bo uMd for cxpcrimMite oo imlDdidf 
Au CDOD SB wi »lNlrtfi«d bt>^ ifi I>r0bglkt ii«tt K, \t wUI show •1«eiHdtj 
of tl^o miiM kind lu Ihn i^xclted biiilf, liomiiw IhU In ilTlrtm itnwn i:itA 
tbe lotrer cod of tbe eleotrmntftcr. With tbe remoxo] of lh« «kclii^^H 
bodj the «Tld«ooeB of elcotrkitj di^ppear. ^| 

If the knoll of ibo tlfAetrometer (w tonrhod wills a ponflador while h i 
atfttu of luiluL'tion, all »i|:aA of el«ctdcitjr <liuppear; bui if Uie comminl- 
««lloa bo broken b^fcro nmotmjr Clio cxeittafc bodj, the «l«ctfontfer *rfB 
»how Ihtf coutraTj «l*PirEi'iy, tfxer this U tnhcc avnj. TTifa is at <m« ■ 
iiiupltf utid iuHlrucltire vx^jeriiui'ut fur tlir? ilurlriDtf uf ilin^^iHtil i-l««trk]^. 

Connect the kn^^bi of two 9iia\Ut utr&ir «lcctront«fcn by »D l&nbltJ 
ooaduetor< (viro avUcbed to fealiog-wni.) ibpn brm^ im ckctrififd boJ/ 
near one of them And rrmoTo tho nirfi wbfl^ the imlLir^lIoik culliML 
IxML clcctromttcn will ihow, artcr rcmoTiDfc tbe tndDcIi^ir lodf, contidH 
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MA07 «3rperlmeDU on t1>« [tUri- 
brlioii fif olwtririty cTcT wuHlicft 
the mtitonl mctttnlixntioD ol tvo 
klsda «r «loPlrioiij, et^, msf ^ 
made wlih two «1nif tor Mm« elntn* 
materv, bj elvctritrlnn one mA tn' 
bcctini; it bj an fnnlatcd wiro *i^ 
the other nbtch is »Ilh«r not ai all 
or InM *trong;Ij, or oppcislulytii^ 

In iJlnBtr«(lnp the docUiM ^ 
«laciHen] indnctioa the Aiadamffiitil 
vxparioieaU nii.b iLfr pith baltimi 
be tried •ft^hi, and tttcttl^ii reUi' 
to Uw ^at«r forco wUb which u 
IbMilaied Imll Ifl aUnct^d, thas oof 
DOl inHnTatCiL 

[SC3J msffQlsed electri- 
city-— Tb3 i^tory of tli# l-»jii5i" 
Jnr I« be«t tfluKlralrc] l>y ib« •ppa*'*' 
tDJi tip. 435, J JVaad ^/'arel** 
meinllio dUkfl. nltb thick, romli^ 
rim, ami wHl fnxuktnrl g\nm htf- 
dl«!i, onH of wbJi^h if dxtid iu a wooden fgot. The glo«i plttU OP' 
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bid b**twe[;ii them. «xtecidingBLle»utun inthbiTDiu] tbnfdg*i uTlhc liidu 
OA vttirj Mt\ Iti cd^fl noed not b« rouDdod, Polished voodfn dial 
ctkTorcd aaootlil;r trJth tin-roil, tvaj ht n^bttitaUfd tcr the meullicr pUlcN. 

m&ored; for Ibb purpofc« tLo upper ons Is ^aspeadod frooi it wire on ft 
iieU]& foot, aod the Igwor ono from a hook. T^c -^ J' hy itt fliiM 
Imilto tiid draw off ft ipnrk «^ith iE« ind bririf; It ci^jir the glan p]M« Ci)> 
wills fu balls are dlvBri^scit, fig. &DH, fm liaTU will »ink neflrl^ lo^fTier, 
ftod tbofeoA E FwilHitcncc; condoci cff the dcciHcity from E f', nnd 
tho b4llA on A win dnk to vtUJo an aluo^t iaip«R«ptib]c diaiaitc«. Take 
A B c»rr, ftiid hrtrh paJra nf bAlls will dT\*»Tpfl ngnln. f'nndnrt. nlwirHty 
b> A Ji, by ujc^ftttn Iff un irmulatcd wire while renting on tbo gtnwi plfttc, 
aoid both pain of balla nlU dirorfro once moro; coDlJnae tbo oberging fli> 
lOAjE ai ^ ^ wHL recH^Wo ajty «l(^tririTj; ihftn lotich E FwHb n eoEitlar- 
ior, the lower Ixtlb wlU fall tui^iitber, tbi? upprr oncH nmrl/ t^o, umJ ^4 7f 
^riU Eoedre mote qiarks, eW. If ihe two plates b* ib^u <roDt]ccled by a 
vm, a leiigtb«c«^ Hp«rk will bf; prmluccd; bat if th« two bo flapnrated 
from ftaeli otber and the gloti and dlMbftrged, and tho nppunitu!! pnt 
logdhcr agaui> It will l>e found itill to routftla a rniduut dtur^- A 
lUa, uniform plcite of gliUA inni:t be; «ctcctcd, and the cbar/o tidI urgod 
too far for fijor of a ipotianeoni dltchorg^e. 

^H fV^ 500. i%/ £0h ^. A09, 
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A plalH or ffluM, rnatcd nn boib "iilcs »It.h ttii'ff>ll trt wli.hln S Inchirs of 
di» ed|f«, aerTM also tu lllustTBie the theory of the Lejden jnr. It ma^^ 
bo Mt apH^t &n a ffond^^n Aland, tijr«. M)1 and AO^^ and n pith boll with 
Hiif-ti thread uli»rbrd wltli vriix to thv trifofl. ll W UKttntZy Hiarged b^ 
holdluir <>n? contiaK d^Aiiiiflt the eouductor. wbHe the oppoAlUJ coating is 
"^tA with tlie 5n^r. 
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Rvuifivaibe fltttuftuiu lli«L-i>udurUirau(ltou(:|i«acki^aDttii^kllcruAti 
Iho ball sltl Hill tt> Iho coallnic cJtch litsfi on the tide vrhtcb i« 
unci the uthvr wiU II7 olT. The tDftrgin «( tb* glaxi «h<io1d kiTc 
ranis of *uft]liiK-wnx vnniUb. TbU should b« tomU whh 9f> p. 
ol^ohot itad bn cxi^cha of icalia^-iAox, ^"bcn ttL« cootioff bu bMonu 
UUcb u not 10 »buw the gla«a ftnjwbon?, wbich nhODld tw «fftottd 
t^]ii!ntis) mtJinr limn thlrk inmUngii, imc at Ivo nnati iif f urv ibdlar an 
uj}]>!iei] w ^[vo it ji (irin, gbMsj rnvhcv. Ereu line b«ab MaKiipi 
apt to renaiD n iiltio Hick^ oa tbo sitrfiico, 

[fl(i»] The Loyden Jar: its confltructioiL— widc-moi 
H^'i« j[ir« luv tbv Le!ii for Uie iiutikim. TUu; ahoiUJ bo uif rurltna «u», 
It RrDolI cnc, 4 10 5 inoho* ht((h and 3 to d| ukchoi vido, a lM|[Qr OM «f 
nboDt I qaon capacity, wbidi may bu iii«ij a* u ia«imriiig Ju, »iid vciend 
oUierv of iKflTer^nt 8lRei, b^^iiW one of !f to 4 qaarU ca|iacll| m*^ f^H 
thkk iciiu<!i. for ci|>crinicau witb hi^ h lension^ ^H 

A gr«M«r efftot U produc«d bj oa« jur \f ith & brg;^ coated inirfutf 
than bj^ anverol ittniillor onf^i nbtiiv ngj^^gulo Aiirfur* U pijdmI to 1l, coia- 
blatn) iuW a batterj. For i^rgv jnn, tbuerc whicb ors high tiaii n&nOT 
ore pr«r<ratjti3 to irfdor and BbolToMor oocs, booa»«o th«j ououpj lew Mpon 
on tbtf lablo. fioonomy of tpacti ihuuld ftlvmvE l>e conitdvrvd, O^utM 
cif uniform lliii-'kuesA lluiI free Temui bubbles ^lioulj be !tt~LHi^tHL >■ tbrj im 
eaaily brukon h; a «|)onUini;oaR discbnrfrc nt tblii ap<)1j) or ivberc bQbbl^_ 
cellar — vrhicb will hopp«ii vouivtaiuut »t all eventi, and tiiiiJL4<c it C^^| 
tuurc [ie<.'e>Mirj tri be flbU' In i.vnwTPm'1 jun* for oub'*» aell Jan ultb 
tbla K^aAt orc« bdccd, |>rrfcrablc, but nbould oiilj be used irbeu quuniU; 
of elcctridty is Deeded, v/hich b obtatuod hy ioereuiitj^ the ntuabor of 
Jnn, nod not for high (rnitnii. The Jeu^ d«fJgnnTed for exp«rtnicttia «1U1 
uleelricliy of high tuiiMgii nhould have imlU nt Uoal 1 line Jo tblckiM^ 
ntid n broad uueoalvd marffiu. 

A g^Tfrftter qqauiitjr of ^Idcti'JcitT maT, it ic irue, be atK^ obtabied 
rTmr^ici^ ih« jiin in a l]iH:h tt^TjAJun, uk till dii^y yield >park« neaTl; ai 
loag aa Xhotv uf tha clirulricd macbEne; but ou acooitut of tbe iiaptrHbct 
biBulntton, munb cleoirieitj, and cuntoqafliklly liiuo in ^barj^Liig, E« lott^ 
with a Amatl inaHiTae tbb ('UM^uriiM time Hiurgb. Our mnjeadlyfiat 
biniBi'Tr buir tax a jar amy bo uharj;^ n^thoui ]uba uf lime, by iuAi 
it well u&d c^nnccLlng the i>ater eealiiiR witb Laiiee^t iwlf-diAO 
jar, the kaobaof wbk-b areploeed voryduce together Wlicu tbe DDtobrr 
of revdutSons iiei?esi4ary to euu»>« a di^cb&n^ of Ijamiv\ Jar inrrrurs 
rapidly^ the ijanalUy of the chartfc will not be iocrtMcd iu proportion le 
thi! latior ^xj/ticded^ and it wi\] thurvfuro be beUer wbeatbe «neec«i<tf tft 
cxpitrioicnt r^qolrei it> \o bcroow tbe muriber of Jur Poor iiiQua 







«f coftted lorfocc «ro roOidctU Tor all illuntrallonfi of UiotlTcct of ibo ipark, 
ff ti)Q machuio giv« ip^arlu ut k»*t 2 lochM lon^^- Tb« unoo&lod margin 
lEout be 3 lu 4 InrbeflLigh. Uiaiiiutl DfcorjMilenible lensSori iu certain ptt»fi. 
Th« ocit rtqaiMto &fii^ the fflun U tin-foil, vhkh le, anfortunaldy* not 
lo b0 hiM^ cv«ryv-borc^ Jiniution ttiKor paper U a bad Entifttitme fijr 
[ tfa-fon, for ifce lln on ft Is broken fo marf plaf^a and tbe paper !« a bad 

coftdoclor. 

^K Th« tiQ-roU Ib posted OEi with iLm elorcb, Tho poMo eboald be 

^HippJled 10 th« tin-roll vpiy MnU ^tln^ ttie foil fmmedUutj kid on the 

^^■ijuv, cormil nrStb m ilivct cf p^per and prrawod dnwn with n cloth 

^^roKed vp into ft boll, to m to 1[« bmootb, Anf bubbles «ti)l miitiTrilnf? 

Mt ««n««d b; inoluvd air or xtarcli ; tboy «hoQ)d h« cut op*ii nitb a 

alinrp knife, nni] tho 0cdl pmaied oat vmouih. A« the hoEtDm at the Jun 

is naaallx*^'^°^«X ^^^^u» the be^puuliig IH mude nItU it; cat a ruu&d ptcca 

of tin'roil lortTO CDOiiKh to reach up a lit(E« way afouod the Hldcf;, and 

tnAkeiitL-iiiioiii uround tb« edg«. Th«ild«» aretcmtwl wiThuprighUiHpi 

of tia'fui], iiui over S to S inches wide- Wliuu tbu infiJe iii ciTiupl«l«ly 

coated, ht$^u on the oatjddt. As the bottom u coneare on tbU nidv, the 

[ lln*f6i] ttrotclica evenly scrota It; when the edg«s ar$ pre^od dowc, 

^Od^Tor, hy gpnTM fH^tloa wflh a olnt}i, lo fari't^ thcr T<tl\ f^rwIiiftllT tnto 

tbo caviiy. whicti gcncrallj «accci7iift uulc» tbc cariij be Tcry deep. Any 
renu vbicti ooatu muet be patched wilb foil U liea the ooaltug Is oom- 
pleicd, ptooe thff Jar od the laMo and draw n Unci nil around It at a 
tmlfgriQ bettfbL Cut offtb? foil i^vvnlyby tbb Vmv. Grsit nut^do \xuil thou 
1>iftldc. The small jars and the mcoattrittir-Jar mu^i buvu au uDGoatod ^pacD 
*t-omid tbo lop, about ^ incht^ji wide, vbieh abould be corered with RboUoc 
^^ naMttg'ffnx vaniiulL Tho duiallrr vuta luny he previuuslj wflrniinl. 
^H« nncoalcd raarpln of (ho Uicct jars roust be U to 4 Inchw wide, sad 
■Op u^ii tcofion the murgiti raiut b« to S laebot wide, Tbe ^andDFtioi;; 
^■rt flbonid Eklfio be Barronnded by a glass tube exLen4{rj^ from The knob 
^to ibt blorkr of the JsJ. A costlutt of AeaUnft-wiLx h tctj unoful 

■Aftor Ifae jon are uoatcd, mako for cai^h of tbusv which are to rauiaEa 

^tigje a CA«» Ot pa4t«boardj rvsrhing to about ^tn ^ thn hpigbt of thi^ 

'^i^atiaR, and cover it iD»ide and out with ailrcr paper. Tbr» v:Trts as a 

t>^)tertJoa to both coating uud i:his», A r!ci)(of thin bra«A wire mnynUo 

littojd arotind thoJarjuF^t aborothittiaAo, to ser'rof^r attaching c<hrdn>,et«. 

Fiaally, proL'uctr from tliu l.unier a ligltt-liLtm^ rovvr of Imii! wood, 

tbroufcb "bkb tite ccndactbig wire Ia itiacrlcd. rcachinK nearly to tho 

bottom of the jor. For ibin, brau wire 1 tine in tbiekuoia Is 4jmpToy«dl, 

crforTtiy large Jsrs, wire 2 in 4 lines ihlok. The oiiTi>r Pnd of the v\n 

len&iiMtcs la a knob, ^ to 2 Lucbet iu dlsQiettr, Mtcwod or soldered to 
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tbc vire^ The knob vhouli be hollow, aud mcj be RtAtk by vijr bru^ 

WorifflT 

In cujm of neoil n l»ll of tin roitj bn riuft oa i)ici vtm fu a bolltt tsovU 
A pi«ce of givld laoo. or » couple of Mwh chaioA. tun atUchcd to t^ 
Jov«r and <ff IbQ wire to conaoci It viiL (^i^ inner coating. Tba tope Of 
the vniB^l Jnn ikfiil of Lennt^i iDtwunn^-Jiu nre cunomtcd oo- Ylili li 
tfiVcletl siuitiljr hj costing tbo V<lg« <if tLo coyei Ihi^'klj »^itb MultHf-vax 
la &ijlutluu. vi^ MIowiri; the tomo lo nn in bclv^cn the wo^ and lh9 
g]a« after appljlng the caver. Th« c«fcn thould j^l be wdl vonUhc^ 
to jvx^i'l tbism fn>m inoi^turvi. 

To ci^iabEao 4CTcral jtn !□ a battcrf , ^iltco thvio in ft box vhbb vfll 
Jost hold thorn oil vhon pltood id i>nIor, luiO cc^ai it intontlly with lin- 
foD, wltb trbtcfa ft brwi ring comniDu^ofl(«d ou tL« ont&id«. Tbon ooodvcC 
tlii^ iuuer uoallugs bf br«M wire* extcodinjc ttom buob to knobi tbo 
Looked ends of tbo#o wired mtiBt bo Econntcd with bftUa &■ Iftrge ta ft 
bullert. 

Tlieaci hatirrira tiro vary tianreuhnU hrcwxm tht lanor titrflic«a of ooj 
number of thom mvj bo connccltii bj wire*. Tbe|r mrt not coaToolmt lor 
chftrgM of bigb loiivlon, for in thin cft«s on« of tlie Joxa Is ftequtatlf br»to 
bj ft KpantOMOiui diicljnrgf, nnj otil- (*iLnnot olwoyfi ^m> foond to ttke iht 
pincp of t))o broken ouv^ Dul bfttterltd kto, In fuel, tiaftcrcttwy, tbt nj 
UDmbcr (rf jut may bo quicklj piftcod tofc^tlLCT and uui1«d b/ a c!hib 
unbrw^ing 1h«iii aU, Tb«iiio«reaating> muit bnoonnocUd bj thkk 
wlrrn ^H^t l^it* u bouk uL eftcli end, ftod furuUlied wjtb ktiotu. Can vuh^ 
be Iftken lo make tbo toonection perfect 

Very smsll jtn ftro ando of nodldM pUftlf^^^ 
J^. liOiS. rciaUtd wfUi lln-till oitlv on tfae ootdde^ IlMUod ot ^vT 

iho inn^ cofttlDg they tat filled wilh Iroa ur brft^^^SB 
tilings, or cl«e a Ib^ aoUUoo of i^m u poand lit .^=v 
thorn and uproad ot«f Iho tarfftce to the roqutn^ —^ 
hvlght. ami ib«n Clmg* poOTcd b aiu) shake* i|^^ 
what docn hot ndhoro ia ahaktii oat after dijiaiaC 
Th« concfnt^ting wiro te «tuck throDg% a cork. Ttv' 
wire of such brjltlm uiuir bu bent ej Id fif^ SOS^ I^J^ 
hcildinjf in the ljM«t throe Cn^tn ■ piooe of KMaig^' 
nuicd leatbor, with which n g1a«i tobo bold b 1l>« 
nfher hand can be rubbed MiQft tho botllv i» ^bU 
betvrccn tho thtiinb ftod fbra flugtc. tbe toho p«Ar 
throuj^h ihc ring in ccitlact vith it, «ach a ntai 
bolt1« may he <'harged mfflclontl; lo tgniie oxj-hjdrogen gav, and pni 
vlight ihock. 
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[S04J Tbo dischargor.— Tbc moft oi>aToni«oi Torm of Um dk< 

Is tbftt ahcva in fi^ 604, in nhlch tho two ijiirei ^ o uid 6' r? Arr 

by tt hingo ttt ?. And «uti hiM lU own innilnting hnTidle, bv 

IMUU of whtcli iho [tUtance bplvcea tbc kiinb* cna bo altered At plca- 

mn^ Tbeamu ranrt mohl»Sto I u iiicbcii [oii^,t> ftdiait of their being 

Itoftd for tbo IflT^fft Jtrc Tht tmndloA ara mn^o of gnon gloffi rode, 

[l U> 5 iutljn loiiji; Rud ^ to I Intli tliic-k. cimn^ikUil lulu Lnu« L'ciUnni. 

rhlch oro «oMcrcd to tlic wircv Wbcn lh4>dL»:burg«i-hftl0li]f one han^lEc 

[t»cb«^ U3 tlia hbgQ c, it U vorf inconv^DtoTit, raora «d tbfta Ibc BiinpIo»( 





IV>vm of tbo diKLftTgtr. Tbo Ajtuplovt form h a (vqaJI briA* ch^ ftttocbfd 
t4> a ibptt virv cast Iq a ball af Jond or tio, aqjI inoloaod In ft ebort g]«M 
t-ilV. Tlie chnfn In bang arimnd tbu onter i^ontirg, and the baJI ■ppllo) 
to ihe knob of Ibo jif. A tnort cohtuuibuI amu]g:eai«:ut i« a wiro. 2 to 3 
nkfllirnvtcfv ibick, f^lAod ttltb ivo knobo And ^Iwe Inbc^, lu ^cn b fijt 
£>^5. Tbo vin abonU bo hArdoBod so «i to fa>?e loxao ekuUcttj. 




Lf2fl&J lTenUy*» uniMTfaftNor^Aoriptff fiftTorj convenient Arra&gttinostf 
ji« »bowa ifi ftg> 506. It cODSiftta of two iOBuUttug oolamiii let in a 
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hdjiD-lHiard^ «nd AUpporilng thi; rnnrlnrtlng prfrM, bKiVNfn nrbk*b a mi 
able ftUod in placed Tb« wirea arc ho omiagi:^ o» to «lidc bock ju4 
farwanl in tbft c^Oipji of the gla^s ocluTntiH, acid u jabt pvnalla thmi to b* 
fni^lbied nl aaj nngb Thny tnnitt ftlio Iw ^apnhlii i\f bfllog flaUotd ilk 
BOjr py»iiiuii. wLwli maj bt? Jonc rer/ wjilj iu Lbo maiiiicr iboirfi la Hgn-^ 
&0T and 6CH, in half tho cutural bice TLc F^t'^CQ a <t. in «hicb Ihe wir<«i 
slide. turuB ar juod th<> Kcrw c htiv/c^^a iho hoodB b L Tbv wbchi a&: 




I 




hft lirnwT] llgbtljr to^tuer by ihe svtvw c. The wIrM neeil not m 
IffmiiutiiU; ill k^iivba; Ibt^y uiay aiiuplj bn ruuiidi-cl oST It h 
Tcokcit wboD ihoy liaro a Hmall opcnlnjc, iw »ccii b flu- 609, in vUeb 
vt'trot mny be fantoiibcl t>jr u biudiug icrcv ; tbo ring* «t tb« other end 
nluj7>i M^rve liiHiead of Iho butln. Iiy hiVBrtliig tlie wlm. The Ml 
stand nccrd not he insitlntcd^ bnt it if, coiiTGnicnt in «omc cKfcrimcnuto 
ba^'G II gliips prEato tiiri^ti Quou^b tu cijvur thv tu|). It ti cUo c^ontvaitit 
In hart^ ^]\p. Btrm ma/te of brnu, ei^cndln^ down thr^^ugb thft 1mu« 

[2<ifl] The discharging electrometer, or I^nno^a in^lB- 
UringOor.^Ti) make ti^b, bvCoL^t a JUT holdiiij^ 1 Xo ^ quait^ of do^f 
thin gitiu, and c-ciat tl lo wltbln ad incb of tbn edge, m It will lurm b 
iukkI for obftri^ uf bf^b ti-iisiou, &»d it luubt be bo arrau^tnl tbul ^ 
^SCbft^tO viU take |>lnco oror tbc fdico iiooai^r tb^D tbroD^b thfi ^M^ 
It ifl very adranUgoouA tg umo alwuji the tamo jar— ilie MOM mMUincf 
Hie cbnn-ti — fjr rli[» |>urjto?(v. Thu cover mttHl be fjulened on, brniss 
lbo knobs rooAt rctam ibcIrTClatlrc po«ilbns aiiclianirc(3. Tb« J«r.*i^ 
ita cA«o of jjuittfboLmlr Id plaotd on a board vxouratcd j fjf an itobto 
receke tt, flg AlO; and Into ihe ennie bfiF^i^ tbn voodr^i rolumn .i. ft){. 51I> 
U faatcJied, wb[cb traili In a vroodvn clnuip witb a biikdiug acnrv^vf «likb 
a front viow, bftir Ihc aalurul tt\tv, ib ^Ivtn in fi^. &13. T1u> clasp ^ 
armngrd to bnid n brofiii wtnr r n lln« in ihl<'kfir"> and tomliialing la > 
ball at uiiD cad, ul auy ^veu dLNbtiiL-L? fruiu tUo kiiub uf the jar^ IbM 
dU(.ancce &ro marked Iq tcnlba c^f au iucb on the iriro itself. Ai tbevl^B 



FEnraiClL BXriBIMENTATION, 
bo bml, nr lliv rolnrun a 7arp^<l. th^ <1fRfnnr<?H between th« liftUt 



^ir 51J. 



lij aliD b« tD«uDrcd with a pnir nf clificlrrrn, bud tlie wliij odJiifiM bj 





fia« UiNttii rut cu it. Tbo wire t? ^a either c«nD««t«d with the onlor 
coiUiag of lh# Jnr h; n gTunn hnicft cIiaIii, or, uttll bolter, by n sU-iji tjf 
tin-foil pnnin^ down tlto cokirtn nod along tlie buanJ to ihc Jar. 

Tbo cbor^o 4r Q jar or & butter/ i» mcftenrvd with I^jiiiac'iijaT. by toia- 
IfltfTiR ilio Jar or hntUrrf, and cr^nncdlng Ebt outer coating with tlie fnner 
costing of Laune'i jnr. wliili* tlio krM>b uf the wiru t is t>lBCci at o rtrjr 
Voiall diMAncO Tfom the Itnob fi cf ttic jar. Wlica the tocnt^ numbor of 
ivparkji hnvo paucd <LTcr in iwa difTnrrnt i^ojaoi, Ibe chftrf^ed jarv bav« th« 
iMrne qoaarJly of dliigiiiRVd vW-lndty, lei ibvlr Azv nn\ Dumber l>« what 
'tbej iBftJi Tfao conditloik of tbo vlcctrfcal machine mn^ qUa I>c examined 
bj nMnt of Lanne'a jar, bj obicrrinic how labnj revolutions ait requimi 
to effect H i1hctinrg« at different lln>?« wilb tho tame 4lMaiir? hntwrrn ihr 
ballL Id the tame way two rQAchlnex may bo coinparci] Mith vtuch otber, 
hut OdIj In r^fj'tr^t l<> q^l^nEtU. 

[3t7] Experiiuents with the Leyden jar,'-'<?™<wof ottf^r- 

■vvi/i€niJL A iliitiiiiimn miiJ<t l>r (Imwri iti Ki'imral bdwi-eu eijicrinitfula 
irblcli rcqaiiY ^Tcetricltjr of bigb ttnaton nutl thote wLtcb rct^uire qtianlltf : 
to tbo Cnt cluK boloDjT alJ uioebrtrvica] ctTcotfi, anch u breaking tbrongh 
gTaaa; to the InllF^r, ihe eroIuilDn of lient fn good rundut^tOFH, lEke tbi« 
barolos of KoM'liraf between glass, etc^ It Is, uorcovfTp n good plan to 
mako CTorj cxpcrimeat which require* Ion jc- continued taming of tb» 
tDMbfaVi, wttb lD0u]fl.ied jart, und oounc<;t tbc ontar roaiing wllh ihn 
iMMVriDg Jar. the bnlU of vtjTrb {ir^?WTve a conaUnt blerval. If iho 
expcHmcDtcr koowv then bow mn-nj ditichargca of the meaaurtuK Jur are 
■MOflAary to charge (he Inrj^r jnr euflclefkll/ fc-r n git'en parposCj bo can 
|) fioeg ei] much more certnlnly In inib«ri|URni ctinrtawutA, end )L>twK no 
llinfteltlicrb^rai'rematuredis^hrLreoorbjrmiFerOuoniUbor. The nLmU^ 
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c)f tarnd of the cnak ie, on At^otint of the TiiHablo coaditioii of t&o its** 
jpb^re, hod otlier dieiurhlni; tuHuonceit, not to a&fo n guide H«DlC7^ 
qatdmnl cWtniiij^tcr^ died i>n tins fondLJL^Eor, jt^vi-a much nutre relEibW 
iadicationjt wbcD a knuwa jor b sn^cicatTj charKud. U ia iiiififl«r«t 
wbetber ibo Jars 1>« obftrged wltb potULv« or no^tk* fdecUldty ; it tbo 
mcu-ldtm nffbrdfl bnth, rlifitiH^ tlni iLrontrf»r, VfhU-h U tiftrn tbi? negaJfrc, 
rdiKe, M [vlroadj tueationod, c6rt«la Hourcc^ of ha do not tmt on tbii 
^ido vbicb occur on th« other, e.y, tb« Jou ia pnMing from tho nbbtr %o 
Uio conduiTlur. 

If iL lio i]«<:(Ms&r7. for luiy par^a«, to cliarg« ft Jar wlili Mgntfiv 
dtotrlcitr nnd ih« machine ivEToi^ only poaitiro, oac bnn odIj to bold Ib^^ 
ju* bf Uic knob, utid \H tb« posllSre electricity pAci Into tlie outer coatio^^ 
v\i\U the Jar Is held up Id ibe baiid, or elands un an Insulated sappo 
U niuipt, at all cvcntji, he pct doirn on do inulated rapport; if ihin 
L*iLutJOu bo neglected, thecbarg^ tUI pue tbrov^ the urui. Tb« cb*rg<^^ 
jirodiired In tMn wny If; luimnwimt Wf>nkrr tho-n Ilii» poilliTi? phnrgp. 

The apark oIctcja notMUH to go from the »ido en which f^ dcctridtjr i^k-J 
accaranbted^ 

The interior of thn Jar 1r C(ii)fi«i?tod idtli the prime rondnetor by 
wire, ^ Ihtva in tbli^kuu-iH. ruuiidiiJ oU ond hvni bLo a liuok at fiach «n 
SettnJ of tbeae wires of dilTerout Icujclhs ahoulJ be provjdc<3, t^me o ^^^f 
which taaj haTc tho hookii placed nt njrht im^los to each o^or. A coii^^A- 
^[llc^ah]L< loMi uf i^Evf^Imll)' In mrurr(*d Ijy using IhTu vitv ft>r ooniMvtki^ -^ig 
tho Inner coalltif: with the coaductor, a? uiny eaeSJj le f>roTed wiiU ImuuT ^% 
uiaa«uring-j»r, by coancotini;? nn i&Buklcd jar at ono time by thick, ao tfd 
aaotber X\nm by tlifn wirc«, and counting Lb(^ ntLmbor of tnma ghi c-^- " J > 
^rndimlly bncomn nccoAtftry to tAUt^v a. discharge aa the lao^iuu IccreiuBr^^Pl 

Chamu mast be entirety avoided for thix parpoM. They are very ini^^' 
able for connecting the outer costiiigi, and for ooiiaeotlng the oul^?" 
coalif]^ Willi th<f dlKE-hnff^r nnd thn vnrUniA pitru ihmiigh wlitch i}-mr 
shock U to p&aa. Tlio tticiplo bran^ chaixia uat^i for ihi^ purpo^o co^ 
little more than the price «f tho wlm^ 

It iliould hu nnmrkeO, th:Ll the elTof't of iho dlKchtfge if miicA tfr< 
f rt^adrtZ ^y hringimj Ute hiob <tf the dinoharycr nvtideniy n<ar Ait tua^ 
of the jar, OA if about to strike k; thiJi prooaution is neccfisaiy tihtt Xht 
foice of the fhar;^ ii ouly barely iu1Ud(>itL for thv required porpoao- 

[268] £xperimentEi witb the Layden Jar. — (l) Ptt/a- 
racing paper. Slajcle oards can he pcrA>mtc4 with rcry li«hl tkarfok 
Tbo card la laid a^net the outer eoutiu^ of iL« Jar and one kno^ of Ut 
6])>dinr^i'r, fi^K. A04 and ^UA, hold n^vtfiwt, Tt. wldlf llift other Is snAleol; 
brought near Ujo knob of the jar To jjcrfornlc •Gtcml cards at ouct H 
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■Ji moro coimifikiit to pljMtn Ibinn lidw-crn ibn hnltH of Ifenley'i utiivenuil 
Ibctuirger. 

(3) Prr/</rtUing gluAx. Jd thin eK]>criinttnt doctricity of high tomuon 
requlrMi' ft enu be elTtM!t«d wiihuiii liimi-'ulLjr w[(h n jtu Imvicif; uiiljr 

rO or 80 square bchos of coaUid burfoce, If ttio iuiir|![u ijf tbe jar 1;^ 6 or 
inGbw wiido, and tb« electrical moobinc i^vc uparka 2 inches lonjift 
rli«r«u wltb Ictt tensloa. t>. vliti a TDftrpli) only 3 or I inoTie« wide, 4 
M)Darn fiaot of HurTocc «ri? not irnmigb to ^tfi^ict ft, Uic J&Ts in Loth cnws 
befBg cItftrgfHl as hijfLl)- lu i^oeaible, Tbc glow perfont«d miut be a panu 
of <wlinat7 wbdov gtawi, nt lca«t ti ipcbvfl •qtiftro, i>th«rwj» tho ch&rg» 
will go Dttiurit) iL 

Tbc belt plan Is to wind a irirt orcand ib« atcm of tUu fctand on 
HctUej't divcharRctr, lij;, 60T> nnd n)low one ond of H to roiidi to th« 
niidtlk* rjf lb? pUie, while ihc oihitr, buut into a book, li croiuiurfed with 
Ibe uuttrcoaUu^ irttju ^itui uf lie aUuJ U of in&ia>\, ti !» oal/ ucccs- 
nuy to attAcb tbo cboin to it Tho pane of pliuH in laid on tho «limtl, And 
Qiw or tvo inobea of lu *i>rCiico UDear«d witb oil to make K iiiuilAto 
faelttf, A pofaied wJre §crawed ,^ 

iBto tbo rod of tbc di«cbDTRcr i< ^' 

laid on tEi« ^luc oppotite th« 
middle of thn MDnil, ng .M3, >u) n^ 
lo prc» QpoD thr AUrfux Hiib aoedo 
foroflL Tho olbcr cud <'r tbo fod la 
COnntcud hy a cbaln tvlth Ihn kitoh 
of Uiu Jiu^hurgvr. q^bU'h U \iM la 
tlio band AQcl laid on the 1idoI> of 
tbo jar, 

(3J IfWf maj t« pi^rrornled in 
tUr uuDc imy. The boant should 
b« Tanibhed od botb »idoB. 

(4) ThfiitTMi gtaiiitiiilipnrfi\n\raa 
a gTtBklef quaatlly of clcclriuitj, but Ik nwily rffoctctl Itriwi wires, boat 
[Bto bookd ftt tho eodf, aro iiitiortcd tlirou^rb two corkt [jilmg tightly loto 
Uko codjl of a i^TOUO gliut tuboj nhicb in fillaci nilh vater ond tliu cc»rk« 




prmad iu tightly, fij^. ^I-L Tho cnd» of the tnljQ «hoDld bn contracted 
oTcr a ppiriwiatnp, thi> oorha tJjct) Gt tighter, and tho tiibo iB &ot w (tpt 
to bunt b dri?lag ibem la. The ends of tbe virw; ar» placed ahoni 2 or 
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a Unet (iport, uoA the apparatna iat«f[>dliktcd in i cliarn conrwc^iing thttj 
oaUT cofclinff Bod tbc *itu[>le dierhnrgtr. Ai thr frtigniKuu of ^lanA %i 
lomvtimfA tlifDvrii 10 a <?oiiAl<lorabIe dutaiice, aoiao nnugeoifDt laoat 
tnodo to prvTttat tbis. Evea opoa glufles maj Ih> favnt by ui di 

■pflrb, bat ft tolorablj Ktrong ofanrge And i\ 
ur i Hquiirc feci uf conUuK ^n DtccMBry toj 
effect iu Tbc armcffcroeat b node vol 
^KhtiX iM ihowTL in fi^. &I6 The vlro< aril 
b^nt »n> 119 to boki on Lo Ibo glaw bj Uinli 
own dMiIdl;* Md tbeir chdA brongbt with-; 
in S or 3 Un[;£ of each otbor Tb# gbtf 
oft«« broktrii ulT nt th« Blem, untoMtii* 

(5> Jftttin^ iron uiir^ Thii exi 
m«Dl, lo sticr?^ed wfiboal paw«rM ap| 
int, mnKl he mail^? vith wIriT onirh nner 
ih^n i^an l>c purchiucc). A pieoo of vlr( 
about 3 tuL^bcfi (a loa^b Ktaj h^ Uld b 
nitric ftcld lou to projiict nt liorb rnds» nml <««tr^n ^oin) in the ivqclnd 
flncmtM; U U ibeit unalicil utT witii vtnicr. slid tih thkk vutU fostFiivd iuLo 
iho rodBoflbcunlTcnaldiflcliftrffcr. Ajtoodch&rtro UnHl r«tTQlrc>d tofoie 
tbo vtiro, but ft may he v^tniia^ with 4 ta H iqa^ro feat of coated nrfbcft 
(^) I'jnitiifij 'jtinpou-rUrr. Burn & bok*. ^ to 1 inch In ilEuQOtiir and 1 
inch deep, in & Mock of bar^ wood ; introducD Into tb« bottom of Uila two 

Gno brow vik% tbrooj^b holes hi th« 
^^ ^1^< Btd«f» ftod l«i tbc eudM of tb« wim be 

abont 2 IIdoa A|wrl. fij^. Sid. Poor 
powder in I00110I7 and ymt* b tolenblj 
tightly fiUing cork ilirfcUy vipon IL 
Tie ft piece of orrllnnrr iwrnp. 5 td A 
Inches long, >ud tlioroujr^lv mol^cnodL 
to oat of the vjrctf, ond ntbieh tbe chain of the disfharf^ to thu; thb 
totormpr.fon 1r nttX nwpawrj nn tb" otbflr wire Whbont tWa prfCftotfon 
thr rxitrimt^nt nSl ixot Aurrnrd- Thu f:hD.r)^c rrfjuErod I» iJjnut lh« Hine 
ofi Sn No. 4. 

GdiL'Cottori mfty bo igaitod In the flumo wny, viih about } the 
DK-t4MHj-jr for girnpowdar^ The ^Uon taattt b« phifud betucvn tbr eiid| 
of tbc wircj. ThiH cx])«rIiQcnt mny be made «iib th« vcik^at oiucbii 

(T) Wfliin') gold on gtexti. Have b rinp of pold-Uol liiid on a 
uf even ghH, m In ftjf. AH- lliln may be done by Injfng tbo gl 
proTioDil)' m<<bteiicd with the brcAth, od Ibc cdgo of ft IesoT of gold, 
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dfRHfn^ B rijthi Bharjt, clfian, dry knLf« nl'^ng th« «dg« of th« giMs; tha 
tircn of goM-Eeiif is th?ri cul iwnjr from tho gliuu^ Tim gliiRft U 
coTcrcd irllh ftnotlfcr frinfilor piece ftud Uid betw««a two itrJps of f^ll, un« 
OTvblcb iii ooat^d txi botb «iidA vitb Uo-foil oxUndiafc io tbo (tloie. The 
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'^V*']p>i %n Hmn tltil Afinl/ (c}cailt<3r, or «:rawed ujk in the lEuto jircAi, Ag- 

'^ ^- Thid prc« codiiiLa of Ivro boftrdfl and f^ur iroo'^en sorvwa. whicb 

*^tTe at tliff aamt! lim« lu feet; the fpmftlvi sprcw is cat in lh& Ti]>ppr boftfii. 

^^ripA uf tfii-rij) n orci pohtoit on cipjioAJU* f^id^i of <inD uf thi? IninnlM ex- 

|^«»li»f (ome ilUlaiLce ottr the Inner surrncc* aoij vrire hooka aw tiritcn 

*^ tbnmgh Uicm. 1'hc (Wanted oodj^ cf the felt ^ro laid ori tbo^Q ftrips nod 

^*>t» ffT*«fl ilrnwD monltniK'ly tigTiL Thw »p|ViirflUH ja iIltt■^t■llI^ltd in Uie 

'^^oin ci>Qneclcd «itb i1l« uuui eout cf llkc Jar- Tbc |^]tt«fe U ^'enertJlf 

^Mlrtnsd Aod tho ff^U parplc i« burnt into it. Thla experiment dooii not 

*^qDln so itroog » chftfgo &i to i^i1« guDpowd€r 

(8) C*>mhuMii>it o/ T^tetaUh riVfinH. Vt'lu:* of olhir rnf^lulu llian 
^Utn ftad plaliaa con onljr be fined miU povrorftil mucbincjt and lArgt 
Wtifriofl; bat ft arip of irue tin-foil, nboat j line md«, iEAk«fi ui ucperi' 
ttmt wbfch U unrppsafiil i^vtMx with a tVHilii nppnrnln*, A rtrip nf thfs 
•idth. uid luj bcb or lwi;> long, faHdjucil Lciwut^ii Ihu roda tff ibc nniTi'i^&l 
difchnrger, 18 burnt by Ibe uleclric apnrk, and Iho oxjdo forms a It^^it 
vhfte cToui!, Tbo mciAllic couiiDg on goimlho anil tmituUou gold und 
aitrer puprr umjr U^ liumi iu i1j« hhiu« wtk^; fiihe itold paper require* u 
ntthcr siitinKor cb»r|re> H thn etripi' arc im^bflcd bcivrcnn strips of whiio 
paper ba tb« UlUn prea, % 5]s, lo as t^ touch iha stipe <,( tinfoil, Ibcy 
^It IttnT* colored Klivaks on the paper. Simlbr bnl broaJer strenkit 
arc aadn wbcn fine virca are melted between tbc polnta of Ucclcy'* dls- 
<b«rger over a aheet of paper. 

(9) lynitiay r^gin. PalrflHrv rehiEi finoly and niU it InUmftlalj 
ibron^ ft wftd af cottnu, tbc tait cf ft walnut, by rulliui; the cotton iJi the 
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Luy a ball in n flat motnllic onpMilo en the nUnd cf the snitcrMj dl»> 
chnrg^T cotinecc«i] whh tbo out«r coatiag; oF the L«jd«n Jar, and pUco 

ilio ball l/ one nT ihc mdi of tli* dU- 
cborirrT »o aa to ntaod 1 or 3 lines abore 
tho oottOD. ir th& di»t:ljurgtr baf« mo 
ball 00 ibe nnd of ihi^ rotS, a Kinall hall 
villi a Iwnt winj ihoald be acrcwod ibto 
it, a« Kcu in fig. blB; tfao obaln of th« 
HTdioMrf diecbareror la tboa cobMrted 
Vfith ihp 1-ml. imil ihn diargo pounl 
tliroagh tho cotton, A maob li^litcr 
Gbsreo ia roquirod thfln to Ignltt gna- 
povder 

If Uitf ration l.i« wr»pi>«] antnnd the 
v\dk of a vax candle placod betvcm 
tb(f knnbfl of H»ritrv'> <li«oharg«r, ib« 
cnodk* nmy bu llgLtj^d Ijy lb« aparlL 

(10) A ligUtvd oaijdlc; [jl^tid bi-tvr«tu tba knobs of tho diKharirtr «1fU 
be cxtmjrobbi^d hf tbo aboek; one jurt cxijnpnithod vill be nlightdd b]^- 
n vorj utrong charg;«, 

(11) Thft Ihundfr hounf Mukt* ii lUtle woodcm towrr a n. Op. ft^^ 
Witb a movable lolntcd roof, tbroujrb which tho viK s «/. tcrminntiitf k^^ 
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tittle knobi nt butli tfiidii, «xt«udrt downvrard to witbia a abort Oi ' - 
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from tho capaolo e c\ filled wiib akohol or olber, nbicb U conneotcd bj 
ihi wiTO /* Tltt the outer cODtJDfc of a Jar. A light cbnrgo U cuiUclent 
lo lafiuott Di« ooDtenU or tliu oapsale. 

Aa elwitrica] pialul of tin cuj be placcrd En the badom <iT a miuil&i 
tovrcr, tiie roof of whict^ wUI be hlovn off t; tho (lL«>c1tn^?G, fljc. &!21. If 
ib« tovcr be provided wUh a i*oiiducior well cocikt'ctud at a and b, tff. 
&S8| tlw liro \>%via of wlucb fit w]t1i Hliglt rrlotion iiiti> vach oilier al tbe 
brod, M KOD En ^. 623, the ciplouTc ^:&i will not be igrnitcd if tbQ con- 
doctor te good enough lo curry olT a, nW^hX cbirgiv. If, Iiotvuvit, too 
tbla a wIp* be IdMrtod hctween a aofl h. iha cbur^ nill In* diffWflrt, and 
klc gM win be Gred. Tbc cbaia of the diKbftrger tdionld be fttlnchcd to 
tAo wire tx tb« ftpcx of tbc roof 'Ifae ptaiol ^hoolii nut bold mut-h ircui. 
nib •xptrttnont h nApcclall; tneimctlvfl for Urn tfancjry of tlf llghming- 
rod. It MMjrbr {kcrformt-d mon? nlinpt; witbout tho towcT, tbc inmc] ucl^ir 
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^rwH(*h In tJonhI«f(mp on aocomi of Lh& roof being blown i>!t by fiwt*n- 
^^g to oit« limb of tbo dI»cbiiTg«r two wlrea a 5» fl;- ^34> ODo of nbkb In 
''OBiiod^d with tijo knuti of the pirtoV nnd lb* oibor diroctlj wilb Ibo 
datoT rootirtfc of \ho Jar, iko pieiol jtwif hviug n1«o oonneoUd viib thli, 
H ibe irrrt 6 bo Uxkk ciioagb, tbc irlinrge all jismoji tbri>u^b it, Itit tf 11 be 
too fllcikdor & part of tbo cb^ir^t wi]] ptuia throu^-L tbi^ t>tlior vdro and 
diMhirgr llio pUlol Tbie wirt^ Kbonld ba nhon una k?pt v-trotohod dcring 
tba ilbcfatfgv, to iiiMiire it guud ccmiiH-tlun. Th« Hirikiiig vtiHlAiicti wllbin 
lio piftcl TDUt not be too AhurU 

(13) ^* Wifcfrjcfll mvrMr. In a cfUndcr of boxvood, ahowu id fig» 
5Sfl. of J thn TT*nl bIko, bnre » liole, wllf» ft bfimUphflHcal ^nlnTgflmfirtt 
ttt>0Tc^ to re»-'eiTo a ball of ivory, wood^ or eldvr-t^itb wiikb lit* loooiy in 
it M ■« to ctoio tbe moulb uf th« tube entirely, I'oea tvo wirefl, about 
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1 line in thickneaii into the fravitj, ubout ib« middle of Ita Imgth, mtd 
iiisvfl Ihofij liJ lli« cojiiivclioii Uv\.i/w\i i\w \t\i\vt luiii Ihc ottUr ccAlinfL 
Tbo ball irill be (brown cut vrith morn or Icjia forco occordlos to iu 
"cpel^lit aad ihe &iTttagih artbe charge. TbU T4rj ini1rucUT« vxperiatol 

BOrr-nM* with ii vnrj mrclfirnlR rliarjfn, if thr btill Im of pilfa- 

(13) Phytti&logical cfft-cU- To give the shock to ft nurabor of pfittou 

let then Join haiide, Aiad Ibo irat one Uhin^ hold of iLo C'liAkn conoMlad . 

with the outer touting i^f Iho Jar, let tho Innt touch th* Imob of tb« Jw _^ 
vith a wir« coObg Ju a kuoK Tbe ch^o mu^t be uf cooMdcrabk lf>n^-^ 
Bo thcii iJifi jar will not bo jcr^tcd ovor, Tl^c (rroatcT the namlKr of pcr^— 
ioni, the lioQTi^F tlie charge muNi be. Tbe effect i« dEtninUhea M03<« 
towATil tbtf iiiEtMlu of llie ri.iw. liocaiiH? a purtioa of tlie chuftt 
throa^b tho 9oor, For thb rcaaon one KhouM bevrnrc of *pproMluc 
near to the ^art« oodcocI^lj with the loQor ooatiug of k bc^aritj ohirgc^'^ 
Jnr^ whnii HitpiirAlfd fVirni \\\p diilBr tr^aitln^ onlj l>j n imall upATf of U^^bc 
floor. Hie effect of the j^hock opoo men in cKecedittflj Tariablc. w:cordii^^^ 
to tlitir ooiiHLlution. Tbo ofTeu of a certain chAr^e QpOQ ODndr^^M 
i^honM alvnjK Iko known bnri>r(t gIrinjT lbi^ nhock to c»tho<n^ T«fy ■t|'Tt--l T 
■at eOede might otbcnriH- be produced. Quo baa iDTcluoUr/ opp^^»iv 
tucftfcs cDouch to [fain ftncb cx])crienoe» so that Ibo pn^aatlon b oi^^l; 
oect'sajiry with tnaebmpx nnd jDm wbo»o poorer U not known. 

1ti (^rder In i»Hke ihi^ ev|K.'rhiieril of Killing atiimuU hy an ele«lTl«T-tf 
fibock, tbc exircinity of the Tcrtcbrftl colamn ixjo«t be cooncctod vllih C^Sc 
oQter conting of Ibe jar, nod ooo knob of thu dJccharKor l^kJ on the V^mA 
of ih« anlmd, wlille the other Is auddeulj brought tem tho knob of Clle 
J&r, so OS to pass tbo obartt^ throD^b tbc brala and BpTntl luaroV' 
Unti end other anJiaala of thi> euw can only bo killed bj n powcrfcJ App*- 
raiu& birds are killed more eiLillj, If H be depm«d nccemftrj lo noW 
»u<^b experiments iit aII. 

(Uj The roUuwbtf; ciperlmeot is Itilcrc^tiag a^ illuKUatiag the actke 
of thn appnrntUH for girinfr tboeki by gnlraniam, and iU <»>aii«eltoQ vftA 
the pb;Kiu1ugira] vITtt^tft of ibe Leydea j^r Set Llie knob* of tjaet'f 
meoflQrinjC'Jar. nbout i to j milllTnctoT apart, and place the pnwa ■hei' 
to receive tbc shock, or a whole row ^t pcriotiji. In eoaatnanlulbn viiii 
tbe outer coaling of tho Jar on one ftlde, and with the wire c, fijf, £ill,aa 
tho other fldo> bannii: ftret intcmiptcd the coauectltfa ^jf the winfrA 
the outer contiu^. A »iuglc diacharj^c of the jar nill smrcelj b« p^r- 
celvedr but If the dlBchargc< he torn«>d rnplli^, Duuiert^ns diM^harfrci iserwl 
euib Dtlicr at rxcccdingl/ iiitTJutc iritnTTnlx, and (b(<r r'ff^ct In tliu iuaaaiV 
produced bj an Inductitjn apparatus with tho lightniai^ wheel. 

{lb) To «bow tb« off«ct of the vieelrical current frcm the Le5\IeD Jtr 
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on Ibe riagii«tk DccdTv, put tLo chiLrgt thr<»ngh n niiiUiplicr of rvrj 
loo^j Aa» wlr«, («t lout XOO tnraa,) loMrpoeing flQv«nl inch^B of val 
bfapen twiofr In the Hrcnlt Tt uccilii onTjr a inofl«rnt4 cbargn. 

(l€) Tu nw/ncfj'ac itfrW iy oj* drctricol rhock, coil fliic. well-wmpptd 
viro cIomI; eround 4 emAli kEms tu'io, !! or ^ Sar^Iica loti|:. naJ vam^§h \i; 
l« to each «Tid a f ieco of thickor mro boat to a hook, Laj a jkicc-o of 
*t LniUm|^-p«edlcv tlie Ictij.'th of thu tulie, iiixidi! uf it« and pnu thtt 
rroTii a Jer through Lb» irLn- If th« charge bo dod too stroD^^ ^^^ 
vHU hare tU north polo whom it ahoald bo aoconlicf; to Amporn^a 
Wilb a itrou^tr cliiir^. Tariatlucji wLll occur, vhkb ranaot 
eicpUned in thii pJacc. 
(IT) inifn^i^n ^tftc* Ltydt^n jar. Uaro two cireokr boards made, 
10 InctiM la iHamotor and I lo 1^ ^ncb»« thiok; they ehoold he mailp of 
two or Uine llintccr jikcri glued ti^gclliur *o ax uut Ui irarp, aiid luriiod 
roiad on the latbc, aad plaDod l^voq oq out aid?^ On the erea aide cut 
coDcaDtrie groorct^ J inch docp and ^ inrh apart, and ronnirc^t thvra (o lA 
fbTm » ipirol, on ^licinn in ilg, 5^A. Thr gmovni mii>t bo i:ul Hyinme* 
:al)j la botL boards, ao aa to Gt togvlh«r whcu laid upou each other. 

Fig. H^ 





^tnihh the irrooTOH and luy u i^^pp<ir wIrfT, uliout 3 [iiitlinLotc!!n thii^k, in 
\, and fasten ic down with littlo pins driven iik planting. Paaa one 
and of the wire through tlin board noar tbo midditt, and hring it towaTd 
the edge aa ih« miljiiic ; carry ihi? <>ther I'od uf tlip npiral t*vtr l!ie lim^r 
iurboe so that the two cuds vrill come near to^tlicr aod faalea both 
dj bv dnvintf ia fttafdoen Tl^on GU th« proorcfi with rcda or ahoJIao 
dkcl hi wrih a hot iron, «o u tn project ubuvL* ihi* vtjrfiu;e of the l>uard. 
LOOlb oir Ibe surfiu'Os cli^uii uitd luriiiBh tliu twaEtJA nhh AbellaCn vrhich 
ioopart a gloAC to tltc rcaia aUo. Kurmfih oac of the boardn vitb 
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three Ion f?n» and tfio mhvT wfili it kooli to mttb aa % handle. Thef 
need not be iDiuliitcd. ci«pt ri>r tApcHmcau vhcrt mMMrtoufttt M« to 
be madt, aad tbeo ottly tbo low«r ono. Ki^n Ui« Jftjioff 1b« irin« to 
TWiln might perhti|» )ir dUprnud wkh; r.Tj nil rvrrmti. ] k«7d htth«ito 
UMd BCich a vooltu^- far uao Jibk only. Tho ciperlmccit U mode bj la;* 
lug n }>1ftlo or L^latt batuccn thn boar<ls briogiog Ibo two toda Of OIW 
iipinil n<^nr lujrethtjr, anil dliicbargEag it jar thriittgfa ib« tfiinl In thaatbir 
iliidi. Al each dlnharga a spark kIII bu hcdu tu ptva bvtvwn Uio tidi 
of Iho cititr Win, If a pcmoa complcto th« circuEl of tho aceonj wire, 
he TtU rvci-ivr> feeble filiockt. It h de>ir«bl«, tboof^ Lot Daccuu;, to 
innke tbe conuoi^tlorm irlth blndlntr ficrofra. Fl^. 6S1 shows lh« apparain 
conplote. 

Fig, ftST. 




(IB) fifom iJiMrhar^t of a Leyrjrrrt /ar. Thin ejcpiirfmenl b Ter7 i^el 
adapted w fllufitrate the action of poEutA Attacb a diain to the oatt 
coatitig of tbc jnr, and hoM iho cud iiith a fine needTe Wiv«ea the ibanV ^ 
Bud frjrH flugi^r Preuent Uie poEiit of the ne«dto to tli« knob of ibe Jar ''^ 
it will be tftwlually dEabargtd, and the point of the ne«dlc will be [amin' -^ 
ouci ID tbo durk. 

(3») Kteciricai br^^h ivtfigef Upon n inniill stjmil lar» folit, aa^^^ 
npoa tbts a pt«co of common windotr j^IjIu wipvd cUan, a&d tipott tbn ^^^ 
■ocondcQin«iBotlrcorDrm»r1ho flnl. Place thoond of a win boat intc:^ 
a tiuz Hinder tlio Invrpr coinn nnd bc-nd iho other end of thawlra on^^ 
Inward tlin utbRr co'tiT. tto ihni iEx rJrii; vill stiwd uboai n line froti It^ 
B«t the stand aud«r tlie coadoctor of the electrical mach^Re and lei • cfaata» 
liaTig down to tha coifL. An the mur!binc iit turned, ditfhatijfai of tbv^ 
littla nf pimtt]]! will uvkn plaur in quirk sui;r<t^4«!0Q. After ierera] bnadnd 
auch dlacbargeH. lake the little apparatu apart, acd tho glaa», wlcc 
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breathed on, will fbnw the improAiioitt of both foiniL Tbcfio imnjccft ore 
oll«a vblbfe wIhtii iha ^lua It br««tb«d on, tfler the Jap<ft of m&nf monthi 

[9I!0] The OloctrophoniB, — ThU is p^npnilir luado nt towo. 
h0 moDld mtT bi> tOid* frith^r of vooil or tiii. la tlic lint «ate, n 
oodMi rim Ik Tiirk«il tn h mnnd iIiaIc fjf ilr/ wufit), lui m t» |kTviJ<4rt aboat 
i inch above tbe faottom; ihts whol« mould b tlioD corerei). icisid* aod 
ot3t» with fnlMo ^i!t pupvr <'r lin-foU, *rin moulds mro ma«h more owUj 
btfnt ihnn vruod. untt Ui<fj cxpunil inoru lijr br^iit, cncvlng Iho cnkit of T^slll 
ti> crack tn otcrj dir«c[JoD- Woud fj^piiudH tuoeL fruiu molHturu. njiiv 
cioUj in the dircc(M>n pcrpirndicakr to thn Bbciv, but tl»» m»y he |:rrc- 
▼entod fa great ;i>n hy iolecllo^ iirfiMieaiO(i<Ml wood, and cotting tt 
tlilci:!; w'ilh hot oil imnilth ; il may venryt wmeTfUal daring tliEfl prooeu^ 
but •faoold bti plofiod off oren Ewd romi^cd ppaln. 

11m maieriids uEc&llf prenrlhed fijr the roela etkooonsijit of rariaua 
Tntxtnrrs nrtbrliflp, pifrh, wti^ ffinin, turpimtlnfl, ffllr. It Ih Y?rj doubtful 
vbcther th« pioporlioas «>r ttcnc mc the tcbuU of cxlcmlTc experience, 
mad tbe lagradlente are ia ((]V[dh(i]v<'v laoompiitible. Wbat good cnti tor- 
pviittQO, rofdn, flndpit^Udot'igr^ilirr, nncercufii Uonf; pitch IVeod from lis 
«jil of tarpCDtau«, nud of iL*L-lf & brittle *ulj*lanco ? Bbtfllnc i* nitf|itution* 
ablf the luoAt suitable aalwUnce, uhI neodi oul; no odmisture to ntidcr 
%i local hrittb, ThiE w offcoivd complet^lf bj n mixtnro of 5 pflrUHh«llac, 
wHh 1 ]Mft of wiMC. Btid 1 vf pflcb ; 5 shellac with 1 vni, or 5 to 10 
«diel!ac aud 1 pltcii noQld probnhl; onavcr &« wdl Tlie mjAturv givt*tL 
■i>oTe <?ertdJDl; hirnmhoji a tnojm trbieh U doc brittle, ttnd ynry crcctrlcel 

Hie nieterfaU ahoald be melted in a Bliallot^ earthen poi or u briLEoii 
p«ii, ftDd th« more fu^Iblo iTiirrcdlont* ludUd Artt over a ^^vutle eiiuuLTe 
ieot: tlic xlicllac mbjtheu b? ndd^d in tiacfreaair? portions, tncrca^ino: tbo 
hcfil jrradtuUEy aDdftirringoODKUntTv, vaitiii^uiiU]eu<^b purliou of ih«nftO 
liu t>ec('in*j at Tf«fit puty hH'nrn nddln^ mnrn Bj I'XprHbiLf thn sbellao 
tbfi heat too jLaddenlj. U asictmcs twx almoHt infiuible voaittion. 
Borore Gflicfr the mould U ehoiild be slightly Trnrmed. ao tbnl the moss 
y not cod too wpidTv, and »tt lorol It rnml lj(* lilleil t^ the brim. 
It ift Qot cos/ lo i^rerciit the forrnatiou cf bubblee oa the sinface, but 
tbey occor moell; nronod tb? cdjE**, nod mnv be removed by holdirijc n rcd- 
bot iron orer tbcm nnd mpliinff th«m down, *> (hat the projeciloii OUajv 
pcftn» And \hcy funu unly nbzillfiw I'MvItJee wllb ft numdtMl JuiLri^m, Sueh 
«|>oUdo no other bjury tbandimiaiAhini^ themrfaceoflhc t]ectrophorui> 
JttttOAd of molting dovQ the bubhlee, they mer be pared off wSlh n vhnrp 
tool 

II bccoimsi cracked, wi ■cooniit of the luoijpial 
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cxpcLUfltoti r>r xha funn &D(1 the rvttiu: tliOAc uiiittc of W(>od crA<l to tU 
dliKitEon ot ihtT Il1i»r« of iho w^od ; the tliL i^rji:^^ lo ev^r^ dircclFoD, w 
loitK u the crocht Ate not too niirncroan tfirir d<i not reader tltc iiulrQ* 
1D4Pt woTtlilte^ though thisj Impair itg uITeeU VVIieit &tt ftc^lon b««o«ii< 
too flMble, k mik't bi- iticUfcI oxct ^piUi, vhirh muj be doai! bj purfng ft 
man of red-bot iron orer El, vrltltjn an iricb of the earftkC*, A plomlun 
uiflircira tbo puri^ow vnrj wcli ^ or a piece «f Hhoot itch lariifcr tbftu tbt 
fOTin Qin; bv h«1d ttbont fta iarh ^bove it. and vonii b«ftpc<d u])Oii it. 
CaiiJ tuii^tf bo tskuQ tiol tu 8uil Ibu aarfftcc wiib anhci. Bubble ^fteu 
form during tbo fut^ion, and moat bo romovcd ta boF^re liincUd. 

Those dUUcnltlee maj lio avoliled by having tbo cnke of rMlo frca, BiDI 
wUhoul' 11 cniii;; wb<rn Jn nn; \t mav b(^ hild on n nmirnlh boiinl t^iMi 
nith tiu'foib Tho mould for aach a caku maj bv mad? of pap?r^ Boti 
sidoE of tho calco nro afUfrvftrda to b« grooad tmootb vlib sand and wi 
on n atuDe or plut/? uf gU/^t, ti»\ng very fiii« wind at \ivtL It nuiT 
pulinb^ villi a alrii> of fpJt tuchtd tu a buurd. nud Trtpull mud wbtcr; ba^fc 
tbia i« not Doro»&ary, The aHj^oa onay bo rnundod with i; knifo and fllck — - 
Tho bubblc-Jt may be ground nwaj, but thii i* tu^i^rHucuii Labor; xtm th ^a 
detntr aldo, whEub waa Ivvneath Iji cufeltuic, ^ofo fjr um. Tbo amfai mm 
Uf tbo rcjiin nc&d be fiorToctly cvcm end hli^hly poHibod aalf 'vbcn th-^D 
KMlropbonia Ib required to retain iU clet^trit^ity for vwlu logotbvt 
nh«n covered. 

Sucb an clcctropbcniA iibould bo kept lyiDff horiioatalljr on a 
otherivieo it mn<f boud by its own ^rcifsht in thu hout of «Li(umt-r. 

GrftUi-pcrrha has not krpt Jls TVpritailnii iia n nintorlftl for tho ^Ifctn^— 
pbcrtia long: it Wcumua cnimblj ; gatta-pcrcba pap«T folia to ngx, and 
aD oloctropborofl made of tt ronlflboa IVom tbo outavt L«b8 atid Ices el«ctri - 
city cantiittiatlj', and maf nndor corlain circamstancca ovon yield p<iaklr^ 
elettrlril/- 

la ro»p(^ct to tho «l£o of tho oloctropWns on« must be ciodcrata. IM 
offocrt » nEwiLyc focblo, and oajwcially to In cbiirgiui; a ju. ovoa wliaa HM 
striking dUlanci^ Ih ronAliii'rnlilf, Aii KhrlmphortiA 1(1 to II 1nch«« lo 
jiamctcr, will aniiiTor my rocLtonnblo dcniandji^ Ono wUb a S inch plaL4> 
irlll yiold «^arb( ^ un intrb in t«n|!lb. 

Tho cover nf tbo rlootrq>boraE should bo S to 4 Inohca lo«i In diftnttetf 
thaa the oaka of rc^in. It h made oitbcr of a smooth plate of iurt^»^ 
(eIiic fs tlio cheapest) witli aii upliiri^cd rtOD BcldorcJ on, ur of a dUk o' 
nell-aoaiOQcd wood, ^ aii Iqc^U thiirk, we'll -rounded at tho «dg«^ an^ 
ooattid vitb Uii-foiL Thu Himplmt hiflulattu^f liaudluLi Ibivc ^Uea cord^^ 

Tbo oiocl["0|>horua i* excited by bealbir it with a foxtail, or a caUkm*" 
bold bj tha four paw« and uiado to glido over tha calw at QToiy r.roL^^ 
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In wfrtcr t1i« cLcclTophomA maat bo iraraa«d before unj doctrlcUx ttu 
^« obUicvd from il. Whnn thtf rak^ ^y«H litlla Hparkd lo tho knuckle, 
Ft b Miflluieittlj vIeL'Lrk'CLL Iel laying on vt n*\tn>\ing iha cori^r, \t luuvt bi? 
hM pareJtel to cbe coke, and blujulU bu touclicd wilb the GuKor ^ar 
iiijEiii; it OD, upon vhJcb it vr'iU ninit n small upork. By toachitL|( th« 
fiovir Knd riLHp wSih tli« tluiiu)) nnd Uttger at tbe same Ume a tLork wrkll 
bo Iclt, and thin tftkcs |>Iuco ftl»o ^liuu Ibe cue bi toucbcij wlLb one Dug^r 
•Ard t)i» rui»i>d i.-oT(?r mtfa the other. 

TltB olpi^trlesl oondltioa of tbo covar may be uceftaised by jrlncln}^ the 

L<lvctnHi.^>(H- cirtbr iippft- plAtft, tl^. 493, npnn It., tttvl mnkiiii^n r.Mnt wU)i 

a 0lkk of tteutJug'ttrLX, To tent the dcclndtToftho cottc, it maj bo inva- 

lAt«L It may b« doti« more r«adily, hove^er, vith tbo goJJ-lonr vJectro- 

meter, fl;. ^R% by Efrrwlng nn thn plate of the eondonscr ituctaoil of ihi 

upper kiK>b«ftttd bjiog ou il a cake ofrvslit n little larger ttiHii tlir? pluto. 

If tla< cflJie bo atrncb irentty wiib u amall piece of catskfn, tlic K'^^d leaves 

win dit«rg«, and tiny C[un]liy of the viectneity any be nioort&iEt^d by 

brintpu^ A Rlick of neEitm^-trax riirar Ibr lii^vr himb, lAbii^li m (<ujitit*i.'lm1 

eritb the briit wire. The *cco*id condcn^icr plalc ihaj be ujicd m iho 

f^oTirof the ekotrephoruii. If the plute ho toni^h^i, tbo guJd IvQTei full 

Utl^ihor. bnc they diverge agftbi wb«D ibe restn i^ak& ts takf^n ojf, or the 

^OTtrUid 00. If the coTcr be luld on witbont toocblos tbc plate, tbe 

tettvoB will falL The ukctncul L'ouditioa ol the aeouud jilato, u*ji oa a 

Oovrr.mey belDve«1lgntei|by tmpartihg eloctrlcity from II, hy neans of tbo 

^HaJ plate, Kg. 401, lo & w<coit(1 tlm^trciucitcr. or i:u»Jioi;tiijg it with Ills 

by ui Irutdatcd wire. BoHiicuberj^r'ti clcctrotoater is tho best one fi>r 

*W*ptwpo*B, 

^Itbougb tut et«iru|ihoru» may nsily Iw luudi- to givtii tpsrkfr: »ji indi 
"^t&glVoci ItacoTVi, the quaotity ii alwaja 4iual], ai»J the chargirig of eren 
'^'i\ jftw prooccda rtry slowly with it, Tho ranilamt^uiiil pl»enoTa<;nB of 
*(*tricltyiDny, neT*r!helfl«-«, h(i all ahown wltbTljIscbeapnpparalufi. Tho 
^^tiical chime may bo set in ntotioJ) by holding tbe knob of the chari^d 
'^^ ^aiufiC it To ehoTB^v u Jur with ueg&tiTe electricity, Et Toaat be held 
^y iJie knob, tis .iTrendy fiplnini^d in § 2f)7- 

_ [3'flJ UchteDberg'e figures. — Thuso nrv pruOuttuI jq iIib fcjllow- 
^1^ rinple laaciiior: DT)&cr]lti: any Ij^uh upon a cake of resin, with the 
**<A of a podtirely, or moderately ncgniively charged jar, hvid by the 
^(tLvrcouUng; diui ttamea lyuopodil v*vt It from a gause beg;, aod b1uw 
^^ iHib a Ikn, or iho breath* what dor^n not mfbcro. Thti flgercai ore 
"V^ pernnDCDt; they *Aow themii^lvcK iL^'aiii uflvr Ibe surface hau been 
tiMd firom oU daai» oiid dnste<] 0T«r again. Flowpn of Riilphnr may 
^ used luleod oflycopodiam; both attach tbeuaclToa e^^ually to poni tire 
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«nd DCffatlrQ C^rea. If r«d'1ead bo strewed ov«t tfic t^rfloce, a p««i 
fl(ptT«oalybecomoATinbl« by wiping tbcdtutolTh; It theaiboviblfcckc; 
A red grcuniL U jiojiliiiv mid tiegulWo Tgiiren ti« '^ravtn nn llie hudo soi 
fncc> and mM»d and flovcr* or lulpboT ftrvvcd over it at tbo «uqc ttw 
t1ieUiier«tick»ch:cfijtotl]op09itivDfijrur«a»BiidlbafomGrtDU«t}egfttffl 



>l>, 538. 




W's?, 529, 



I 



■^ 



This BxperlineAt dov* not coftvfi 
wdL OQ Ml M, loo|t-«ucd nirfbM 
it most b« Qeltod oter, kt M 
vopffrfldnUy- TomakcDniiTI fij^mi 
[t i« \tpxl lu lut-U Ibe ivKin uv u shw 
of tin, ti[)c:ii nhich II c&c quldclyb 
rem«Ui^(l Hit«r each «xporiinoiit 
The iau«N Etcd not Iw ovur ^ b Uiii 
Uiicb, fiud [ingturo re^Eu aaawerabM 
bciflff b;is britUo, ba; UiccxpvnmM 
will iucc««d villi aitj rcctB. ^| 
[3Ti]Th6 condonier.— n 
initi:i|>(^<iMtbb iiifltrumcnt is ttUcba 
Immediaiol/toanelectrDDiitur. P« 
ihfi mki^ of rnnTTijIniHW, th« Ifim 
plaU Khoatd in cnpAble of bcioj 
tenved on any of tbe rarioua cl«c 
tremvi'^m. iniicAd nf iho knab, fl£ 
52S. T&kc fur Ibb purpuK brM 
plfttMi about n lino b tblcbDCM an 
2 iaebc* Id dUmoter. It U rvt 
uutul\iHab:e to ittMke tb« jt^ulw uu' 
nn indi jn dLnmotcr, uucocn^ 
Hid 011S4; in iLo<c pQrehu«d 

Khopn, Rtni*9 Tbo 9tftCt taci 

niacb grcattrratiotbnnthocinftv 
Jtk ^aJranic 02]>fTrttaeut8, iomII^ 
plfticvwill ft]do b<iii*«d«4. On 
Iilnti? lulJorabiauncKltctto 
a icIfKs rod, 8 to 4 Jncbn ^'^l 
tbo oUi«r t6ldor r imaJI p1i 
wlifuh a femulv rierew b rut 
tho iliToed of All iUt cloctroi 
Fjg^ &39 xtowi :bia plots ud 
ai«Tn of {h9 elev^ToiDeter- 
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poKah th«itL hin.\}j irith Gno iiamicf; ponOer bud water on the lathc> to 

gi^ tbom a motalllo laetcr nnd circiiUr (trook. The cdgo magt also he 

ronnd^il on ttn- Uthr, Whwi the pUtc* nrn loo thin, Ihnjr *rff very hariJ 

to ^ind ercD, bc^cauve ibc oalt? i-t!^e btods op contjniiftlly ; tiitih pktv9 

alionld be sopportoH dnrlnfc the ^cHodiTij]: and lunslni: bycomtitlln^ ifatm 

eo a blofk of wood of the vaine li/s, vhich wilt lorvct olro u ft hjindl« m 

E«ped«] core must be (imcon^rd en rnroLsbln^ tie p]ftt«a. A coat of 
<idvrat« Uitcknco, vbif^b U ^ncTLiLtv lalBoicul, ranj bo itpplif?d on tho 
l*«-iW. ^ben a ibkt^r cnnTlng In n?(]rtp?»d, It U teller not !© warm the 
f>la(ci prcT!ou«1;, for U u rerj difHrult to Uy a cotU of rarclib cvculy od 
Ok. Iviitcd rarfjLcc : loy Tbi' platett IctcI ond brmh Ihcm orcr with o tolft- 
n,^ft:»1j coae«ncrai«d Boluilon-irHhMlHc, vhichboe, tii tbSa vaj, limo Tir fcpreai 
I CsulT uniformly orcr th» tnrfacr of ibo pintle Tbe rarnUb Wcompsi 
FCl ««ay when dij, A Mcond coat nay bv applitd in tbe Aame vray» ^vltb- 
osmL dUtarlilrtg lh» first. A pi^r^o of l^ne apocgo la moro suitable for 
*"*fcrn«MDg tbtin n bniih. The vanilBLb on the plat«« of Iba condpnier 
■K^visL u«ttr be too tbin. 

If tho t)dfEt* anii upper «nrfiu» l>o 
^ «» ntlahijJ, it vbuulrl l.u> dono pMTlousTr. 
■^v-ftd Ibti larulbli applied Anrm A 
'^ ^> ndiiotin(c mn with a rounded cod 
"* »3rt, tn Ihii cau, be acftwetl lulo tb« 
^^^^ of thft plato and Ivifl mnAinUlii^d, 
^ *^. 530- It 1* conrciiif nl to bavr soth 
'^^ KB on both pLntca; Ibuy neod not be 

'^^ ^f? than 1 or 3 mHlimelors thfek. Thay are dedrohln beeanKn their 
^*^ d^ mo pmIIj bo Hramrd witb ^l fib*, wbidi U not so eiLBy oilb the pbtea, 
**^liif:[i lire Boon soiled bj couln^it '^itli the lloKerB, ofloe pnrpoiK'ly wot, 
^^d both tbeir appoftmnco and (^fToc^t it; li^ared thereby. On tbe ctli«r 
***uJ, Iho -airw b»To the di<*Jvntilut'*^ i)i*L ibey are in (ho way und apt 
*-^ cau« a dfaplaeeniecit of tlio pUw*. A sfflod condewcr should rclidu 
^ v«ak charge ft! leact L3 hj>ana iti good wvtLfhor. 

CMifUcier plai«a of copper and ^\nc hTf need^l In ^Irinfe rfxprHmfj;tii; 
U mmj iberefore be oa nell at once to make cino plato of copper luid the 
Olfcet of xiae, and to tonkc tho n>d» also of the aamft material, aa k in 
liaiiuU«rtal hi other experiments what kind of metal ii* tttvd. In (h3* 
Can, liowever, (>oth platen (Dii«i bnvc fcmalu ncrcHs.. The landle U made 
ftf a plaw tiibc lealftd ti one end; a wire funiifthcl with <i wrcw i> 
ccnc&ted into the other. Tb@ whol& tnbo nhonld bo 6Ucd with bitt of 
iMlilkg-WAX and heated over u Ump no hh lo ouat the iuside rutlrelj^ 
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Thft upper pinto ranst olwnys be held psrall^f Eo th« Jower octc U U/tJuic 
it olT. 

lu chari^iiig opt- |iUtc, Ihu utliur muni olwnjn bu toucbed witb tt C09- 
liuctor. Otbor prccaaliooa will IDC ai^aUouod whuu dciKribiiig cx| 
on gtlTBobm. 

Tfliuu the vtiruLnU uf b iruudomar onau Ijccuidu vliM.-tricitJ, it ufUr^^^ ^ 
rcm&iDD In thii; c<^ndition for dftffl tOIFCtbor, mid causes att&ajring "■^— m^L^ 
Tbe ipvedi^al remedy u Uf puw the plule n ft^v timci ^roDj^h tii« Qaa^ .^, 
of n iprrh-lnnhp. If ihU tlue^ tjut rv[jir.^d; ii, [lud ihti L't>ntJeii»iT h to t^^^^^- 
(i«cd III oncv. iLc TMni«li matt be wn«Ucd olS will alcohoL Bfid bwltL^^^ 
a|]plicd: Uie doctrii^'iU eeadttbn diriappuixn of itcalf ftflcr nvhilc^ ^HFr 
trill ieteci; vbeilier the coud^D^er hri4flnjobiirge,ljj noticing wb«ll,erU^^Q 
kAvc« diverge when tlio cover U tiiiijclivd with a coDducti>r sod tbea Ufli 
odT. In OBtoff tfac coadnivcr, &et«r fall to teat it in thu vajr. 

In eipfirimcDtla; with rery r««ble eleclrieiij, tt Is 3n<n neooauy to 
lw» (N)Ti(]iiiiH*rE, in 11iiTfcilInwi[if^ w^ijr •- i.fii^ flnit UrliAr^rdfroin Ihe ■iKir-^v.v 
of tfkctricitj* the pUtca w[iiiraicd, ixnd itt upper or ui^dtr ploto of t-X^e 
eoeoot] olectromoter teaehod wiih the uppor plato of the At^ond. wd tft>b 
r[iroecKc rcpnatod ftom G to 10 iim*^. Any I^ie dHlcnte nl^riJN) meter n sij 
1w uBtfd as u Hlaud fur th« Unti cuuduuver. Ttu uld iiuArjiuiciiui cnll^^ 
doplleatora %n do loD^r aaodp 

(*0 ESPEniMETTrS ON ELECTSICAL IIGHT. AOT ELECTRT- 
CITV BY HEAT AKD PEESSURE, 

[STaiExperimontsinthGdark.— (I) ThctujhiAi^crf^f^-- Ti*-*^*' 
b |j-1iuf tubo, ^ to 1 iucb id diutneter, fit it uL uti« end with a voi^ea plnjf 
Willi n lieMilephvr1(^»l Ue^d cuvtired witli UTi-foil, und beghiiiug ■! tltS' 
pMte litl.Io diiuQoad-ihapcd btt< of foil, ^th tho poinU ixboDt 1 Ciilliiiict^^ 
ftpart, ia a apirul down xht^ lubu, Ug, 5^1. Tbia tabo id itikm in the hdu^^ 
Uld held nr\%t i^nnEijrh In Lhn r(i»duj?tnr ta draw (^apiOLiK tparkiL, vhleh mW^^ 
repi:aUd At every lutcrroptbu iu the npiral. To prevent tLe tiEls of ti'^'^ 
foil from Bcaliuir olf. iho Itibo may be mi inaidfl of &Dothor to ivluob tl*** 
kuob An<i fciandlo arc ILtiml- 

(3) Ititiminal^d jhjiircs. Fh a huoh uf wutrtl, cuvenKi wiUi liu-foi'* 
to t]i« cd^e of ft iMao of iclaw by clickinj; the rIua Io w ineialoa in lt>^ 
voed, and from IhU on u iturtiiig-peliil deicribo lay Hgnre bf pMtiof «>" 
bitt ofiin-fui] HMblreuily dt^Hi^rllH^d The portions not desigoed to be 111''* 
mlnsttd arc mftde with Hriju of foil. A l^xgtr trtrip IcAdi to ik^ oppO0*^^ 
edf^ of the gloM wbirre !l Is held ia th« baud. An tbe ipurk ororUtptf * 
coDslderable tptee on the pUie. iho Unci of thff Qgurc or tinino mntc t'* 
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iwn at «oni« difftonco apart, ftoH pert of Ihc circnEt niftde 90 tli« other 
d(I« of tii^ gloii^ Th« iIcLrk'Kbudi'd porti tn fig. 532 tr« EDada ^n th« olber 
rids ol tfae |[]mi. 

{S) CoU & pare of f(\nm on both 



^V ^I- 



«iil«H vltb tin-foil, to withia 3 inches 
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nf ihfl <^'1r;<>, nml hTnrbAn onp coating 

tdtli mdiui^mL Cut Uiift coutiug^, 

wh«a quite dry, into little loxtrngti- 

^hnp(i<l pl«ceH, bj OQtlJnfr oul very 

njirmw irtrip* of Ihi? fuil. Mnke the 

CuU with & sharp knife auil a rubn 

And podl ofTthc JitripB. In the ciiddle 

of the gluMs, (111 tht- ume «i(k, ecment 

a liiilft disk of liEi will a riufc ia iL Lajr tbe pane oa Uic iit)>k', 

ami r^onncot the rondoctor of tl>u mikcbina witlt the rin^', atid 

the UDCitt ooating with th« dii;chnr|7dr. While the pfate u 

Mt\i^ I'lmrL^d) /i^njj; fladhi.<£ of Itghl will darL ov*<r v\i« L'at* 

sorfacc, htd whrn the dischnr^r is brotiffht D'^ar tl»c cotiiluctor 

and lh« upparitua diifiinrged, the rtholo Kutfneo will ho colored 

I with HiwbnK at ti^ht going in a xlgzflg direction toward the 

II Tho paao of glass U usually set in q dullblac'lE wooden &Bmc. 
and the aocoatod margin rovcrrd wJtb Mock pappr. A tlHp 

^f tia-foil pMted lo tlia back cimtiug cunnvcta it with n book driTcn iuto 
^be edge of the frame, lo whiub n cbalu triny bo faAlcDed. 

(4) Bni^cfi *>/ hyhL To obEPrve tbo bnii^b a1 light froTO the poiiitir«, 
v^r the Klan fttini tbt rivgativt' I'unduL'tor, Jt luti-it tnrd In u <inml1 ball. S rrr 
ft tlaw iu dlaurter. near which Ibo hand or on OT<jit mclallii: itarfncc fe 
^etd^ Wiro^ with ronaded oDdt, inccOitiireJj ie*t in diameter, may bo uied 
ilutcMl of thr^ ball. Th» brnab mn^ nlfo be ohtfilnod. with anme modlfl' 
Ctttion. hy boldJDflf the tittle bnll or the ronndrd witch in ihc hand near 
%ht <!OindDCtor Tbeoc pbi^uoiacua are 0[j1j oxhibilcd Ijv macMoOji of con- 
ftkfteratfb power, nnd the leva th^ striking distance thf nmalli^r Tnnflt b<* 
tW wtrc Qiird. 

(5) Experimfjfl* in vacuG. Tbo «[fnplc9t fixpeHmcait of this kind h 
inodomtb tbo tube dvtcribvd fcr the gniDvaand fcatber oxperimtnt, § 102 
(26- ) The axperimi^ntvr ban only lo bold it In iho band, and n1lo« Hpark4 
to psai to it ffom the i;i>Ti4.1uctor; tb?y fill ih^ whole tube with a bluish 

^U^ht- With feoblo mftchin<?a, tbo tnbo nmut ho grujiod nuar to Iho end 
^^krt the condactor ; the light of ootirie onlj rBnohes to Ibe hatirl. 
^^P* The experlmeul inttj le Tarled, by laying cd tlje pinto of the air-pump 
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(vlieo or i^lflAa) ft moUDlo plaio coninvied tritfa the liodj of ilie nir-panip. 
mill coreric^: it with n bvU-ffliuw provided witli a 4lufliag-bvx> Varjuua 
JCTICM, lach juaUr^bcilb, ct<.»[iiavb<7AcruwodlotlieTiHior iholftUor.io 
Turj ihu f^rm or iIj« light irblcl stretima through th« Ml. Ja mnkiag this 
i/spflrlroflnr, ihi* oxp»?rin»oirtnr hihuI bii jurr Unit llio bi^t-gliLii dotu col 
conduct tlt^lriciij ; ftud with tljU tIcw wttroa It bvbra on And reb il 



JV-A^ 




diy nltla J>lottiiig-papor, A 
glut TAW, mcb ftd U Kbomi 

bconUf^l ciporimcnt 

A doublo bnroiuet^, coi- 
slrncted u lu %i &34, may 
bo [OKdc lamlDOU^ bj «m- 
uectiAg «oe cup with th« -^ 
condncior and iLo other wtth.^^ 
tlic gn>i]iKL 

(ti) If (L pioco uf Huorflpot^K^j 
tifl pUrvd b«tw«ffii ih« Tod^K *t 
of ihiiili^jr'ii tlbrhargor, MH^r^^d 
6 Tigoroutt djiijck puacL.^ =d 
through ft. 4 kMy biaiii ^e=^- 
imt airmk wfll hft viilbto or '^m 
lilt: lliior 3|inr, but It iliupc ^^^- 
p«An In a foir •coi>niU. 
pittcu of whilQ nii^ar, | to 
Iiu^h Id i!iiLmtkT, will Ao% 

omiiffC [uav uljin be 
ft?t*Ulj- luruiuout b«ive«a 
piiliLta of Uio ilitic^u^^r. 

J [373] Electricity o— f 
tourmalla»"Thfl cbrti— J- 

col (msptffllM <»r U.tirTi^tf' * 
inaj be exhibited vcr; CMil,^7' 
1>j bu^ED^ a ploco, ahout hd lach loag. (whEvh Euaj, bowerdr. bv vc^^ 
tbtn,) hj A >Ut atrini^, And tbcik wurniEnf; ft by holdlDg ft pit?* Of lb«^^ 
Irou ^ to j uii Luch hifltftt it, unQ hQuLhiif the in;u willi a ikpli1t4ta p 
The bind of olcctricit^r may be t«3U^ witb n stick of MaJiuj^-ttux, rnblt^ 
on QUO (iiu)^ Th« otoctncd condition it oftirn leu etidonL durinif th* 
warming, on accoctnt ofllLfT nso^Ddin^niriviilof ^r; hrii Uurbg the c»o'^ 
Lug U id alirftjr« Tory nurkcd ^ud distinct : t^o efcct of tb« v^^liug-T&x i/ 
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J^H At ■ couldftn^* difltaace. Mujy clLer cryAt»1« bcci^iQO olcctrical 
by wttJB^Dp, bvt none of flicn «bow thi; propcrtj aa i^viiiy (u tjurniifclin^ 

C«»*] Electricity of calcareous spar. — CaJc ^mr iie- 

cotuea i>rt»[iiTt'lj eK-atiical by Wlun ]i7Khn&\, ioi a few AtcoiiJ*, Iwi-weeu 

*bo Cu^fB, iod rctaiim iu cicctriciij a 

loai^ tim«. ThlK b shown uioH eoflily 

»*y bonding fl narrov Mrip of (in like 

** & c, fig. 535. and making n [lUtc il«- 

P*^o«riDa ut & ivJtb lb punch. At a 

*^nktot ft thrpad cr jil)»Ute About the 

^*^lckni!B of fiae twiufl; on tba end flf 
^^ ^leUiC ccmeat a fragment of calcftnoua apor with wa:c, acd >«t the 
^Vparatns on the Itttio pivot, flp, ^36. It maj bo bftlmtcod tjr a IUHq 
^M at r, Pfm* UiH uptir betwe^^ti the fln^r* ljL*rore »cttlii|? it on the 
^t«dl»; it will ba briakljr r^pcll?il b^ au exvUiiU iflau rud. Soiue oLlwr 
^tjttaJii exhibit tho uiao phone monoii. 
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ifi) EXPERIMENTS OW OALVATTTSM ^CONTACT EIKCTTEICrTTJ 
ASD TH£ ACTION Of THE GALVANIC PILE- 

f ST^J TbO &0S CXperimetlt. — Take a Uvioff frcR. (;ttiii him by 
>k blow upon tho )ien<J, rni him in two \n llie mkldlc nllh a pair of Bheais 
or ft idurp kntfo, rcmnTiL tin; uiilrikilA from Ihc hlmlt^r portion, iLitd »trl|k 
t>ff tho ttin : the oertca whifh isiii'; from tho lowor end of Iht ipinnl column 
Oaii ititu ho K<Fon Tflrr duunotlv, luid iriniat bo di«^f^t><d cLoan 1f«m the 
mrrnoiniing cvllulur tiuu« with ii idnirp knirt. Thri)«t n Kirij> of dnm 
braaa-foU niidtr tiio iiertea. and laj lh« preparutlou on a glaai platv. 
SiufCnlaf twitching oanao ffhoD«v(if ihn bri^A plat^j nod tho mnAclcs or 
tho Ie£ art ((^urhpd u'ith n U-ut Jroti wfrt^ or u strip of ^ino TLv prc'p- 
ftnUiou Ejsajr nho be hun^ up by & bUL aUiug, uud a brua book thruflt 
tender the ncrros, 

[37CJ Tho fundAmontal experiment*.— For ih*ee oxperi* 

tntfiita, Ik plMv iif copper i\.ui\ minittrr nf 7h1[i<' nrc iifi<drd, ari<I oekt of 
c<»|>pcr and sine M'hJcro^J toKcchcr, Ttto ftnt poirof plcitcrimui^t he miuid 
«f metal nboat I linv la thiclcaoas. Zlno platt of tItU tblokoeu £s not 
UBsOfKoli] In tha Hhopn; It muKl br cirdrrrd ipvrinllj; it It bo ufttrti 
MGCnorjr fbr the conilrucllun of ^dhuuic dpparalub, tbut il irjll bfr vdJ 
to hftTfl a ftw sqnftfo foct of it on hand. It id ^onvotiont to havo Ihcto 
platoi of th« vaiao dlcmoior ax tho plntvi of the eondviittT; they mnj ih^jn 
be used uM top pktoi for the cuuiIuoHur wbeo Ibo other phita h vcl) 
i«nUhc(t Tbvj ouicbt in this coss to have a socket noldered with tin to 
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tto NfilE, in wlkkh a femalis >cr«w bcul with tb« Mmo thrv*d vtnch alt tlic 
electfomvtan bftve, fig. Aid. Tii^y mii^t Ttnie hunlAlIng bacdlM ; tiut if 

FSa 536. ^'^ ^^ '"'^ ^ ^^ Rrcirci] on tbt cltclronicUTA, 

rimpio sticks of fcaltnj^ w&:c molted oa to \ht 
hot pint* will &aBn«r tbc ptirpoi*. It vottid 
be oeatef, (lovrerer, 1o Bolder to the bwrk brus 
enokfitfL. 00^ cem^at bto tl)«ni glus lab«H clOAtd at one end, Ajr. J^T* 
If thfrj ore amn|^ fof fcnvriaf? on, Iht tDb« chonltl Uktc b brfti« wfit 

c^ni^nTnl Into It «llh a irrev io Iti 
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the pl&lf', or ttw ^ftu cube OUT b« 
MDicat«d Into a cap on YLich ibt 
Mf«w b oat, BB In d^, r>S8. Thv- 
MlgM of Ihn pIntM mnftt Iw ovEl 
ronndod, fttid on« norfacc nude e 
Willi 41 ttio M)d fttnight-tdgOb 
tliMi ground ah plate (^Imb. 
Ntvldoriiig uu UiD buck most 1i« doDM 
beforo tbo j^rbdinfc, op h mlffht cku** 
tho p]it«K to ^<^rp; for ih« mud^ 
reason h i« weW Io cvsment thr-ni 
B block of wood vrhjlo grindb j^i^ 
Thtt boclt Ia liaallj oluntii u- 
vamlRlied ZliKT b tsjillj wo 
on th«Utlir, btitm)«T«aHirfboo< 
bo ffiTeo to copi>cr only mih a (Uo moitdcnoi witJi ol), or miiii « bH^^^J 
fii«d in a rc«t, Tbo i^round Aid« und tba «dga mnct bftvtt a nlti ^" 
mfrtnllE*^ MLrfiLoe wh^ri iihafI. WlLlnmt Itiow prociuitJonA, llm funilaiDml^^^ 
CXpcrimcnti arc rcrt likclv to fail, bctJrwwc lb« cotlacl aurfocr^ &r« fritb^^V^ 
Dot «t«u or [LOt citiuu- Tb« surfftfrfr mov ilwnj« Iw rtofto«d bjr tU««iii- S 
fiooly povdffrod pomlcn on oit^nn pap^r renting un lui cien mrfoi-i-, an^ '^ 
rabblug Iho platvn a|Mm thiK. The mlbcrent pov^er U remoTod wltb ■ 
fealber. Th« Hurfacca become aotlod* ctoo vbon th« plftto»are kopi wnpp^p^ 
ap in pnpir, and it is, thorofopo, advivu^k to clean tbeon oa diPKtod. odtr^fc 
tlm« InJiin* u^^tiu^ ttieui. Wbuti in ti-tp, tliuj iniijil oo \i3 ftMOunt b« ntbU^^ 
to(cctlitr, IjccuuD the copper pinto tEnmotUately bccotocn comtnadiMt^v^ 
wilb woe, which dtfllurbi tlioir at-tion. Wh«a Um ftppontoa 1a tirou|;S '^ 
Into A room alre^f oooaptixt for «ome ilinn bf a nnioftront ModtooiT^ 
capeciallj In victcr, thcf^c oxpcrimcntn. u irell oa oil txperbacat* vl^^ 
rondfonrt, aro apt to fail, and atuntloa must l>e paid to t^U tict. 

Th« compoond plaU of iho and copper i> mtidt* Eil tito ibap* of A^ 
639 i port of th< edge muvt bu cluouod with a filti or K;tap«r bel^n mht ^ 




^^^^^ PHTSICAL KXPKnJ«RNTATIOK» glQ 

^BfefeinftertndBltaf many tnodllicationa, of whlob ^y itxtt moat 

(1) Laj the tDralAted tlaa nod rripptr pLttM ^V^, 539l '| 

toother, &d4 ttcpsnle them ugaio, keep[nf^ them 
par&lTfi, [Jring ooo of tiitm Id contact wltb tho 
ld««f pUl« of 1t« Mnd«D«er while thr? Cti^f 
b bdd tm the cavtr, dfiiduLrgr Ihf^ rrthir plalA ' 

also bf t^achUig It, and bj tho Iwu to^othor sgoin, etc At each k(?|hu 
ration, nn adbnion vLI bo ^t If th« platw aro fi>od. After Troni 6 to 
30 H-'pttitloaM of tlui proccMt, ramov* Ao cover of tho con^tensar, nnd tho 
*lpctTi>iiw4er will iho* tht cKi-trii^ity ruininunii^tbt] to it. To prrtrnt 
d^cvptJon ^y the ckcirfHiy of tfao humaii borl^. a roaductin^ wire of tho 
•uao m(4al mi]r hv uttu-liiHi to tbo wire projct^titif^ l¥om tho coror, 6|Ct ^0, 
niid poihed ivlT witli n gU-^ nid w lim Uie e1e4:tri>]Tiet«T t% eliorged. If Lha 
coQideaicr bo toached witl» the ropppr plalei^ the former maj be mtilo «f 
tfaM; but for contact vitb tbo xicc pliil«, tho baw of the ooadciiftDr mnat 
Ui^bn of tine. Ah tt U more ooavenf^nt t> oboDge tfae cover tbaa tba 
biK, tbr rovrr uinv Iht mndr fjf r.inr, itJi^t Iho elcrlHt^iy <>f tJio £in4^ plaC4 
coramanicfltci) to it; but :a ihii coac tbt^ electrometer indicntis the con- 
trarr «li}ctrioti; oq nilfling thfi c<>ver, 

Wltb pliiiffh of 3 hic^bru <![ninnlRr unci upWRrdv, ami a ^h1*[enf rlcrtni- 
BWteT. 00 coiideuscT U apoded; the gold Icartf, direrg? more and more 
perooptibij vhen the <!ODtact itt repeatod a fov timrn. Thin ia o»pcciallf 
eai^ vMit AndrittMen^ clutjtramoler, flg, 4ft4, by toat^hinj lb* knoti con* 
Dtctcd allb tbv ^M Imves villi u[i« plute-, aud tbut euuuectvd niLh the 
GDrred wire vhh tb(i other. WitU a (l<;l[catG I{ohllrIlbc^Ka^'l; elcr^ro- 
tieter a tiugle eoniuot 1« suffioiL>[it Tbe came U true wfih DoUmana^ 
tleetroiaeliT, fl^. 4^1.%, TIiIm leiulfl to Ibe flecood modo of making tbe 
ezpcrimeiLl When the candcii]i<:r itidf U mtdo of nne and copper platen, 
toaob tha base and tbe cover each with the tike tuelal, nnd repeal XMs 
wraral tImfDi vftbrmi loiii'lUng plthnr thn frondenn^ nr tho f^itHlb^r platan 
vitb tbe Giigerx Thin ejcperimeiil giTCM Lbe mod decided rMu]t», end 
nociodn, thongh Iras ovrtalcil/, otod when tho eonLlonser Is of btOM. 

(S) Screw one of tbe platei on the cDcdcnivr and luf the ctlter upon 
fc Wfaencver the api^er pldto u rjiued tj lie luaulated buudlc, (Le 
dectromcter will indicate ihe clorrtrioilir of tbe lower plot«. ThU expon- 
taeet aerrei at the tniue time tu Hhcv tbe ooodltioo of tlie elooirieUj 
flaring ibe contact: (I rcriulret) phlnh nt. lea^l 3 lo ^ ieehen lit d(ftmi?l»r. 

^iti expcfimect reifttrc* a rery MtiiiitiTC rieetrtimcler, and will hardij 
nic^eed vrith a uimplo ^td-Ioareleoi.rcmot«r; wherooa tbe formcT DXperi- 
uirnt Ia f^rxjdrr, hr^i-AUM a donblo condftniMtlon orciim, and giTca snrer and 
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tnore dKSiltii) r«Bull& Bj lubig the gokl*1«aT el^trometer nHih thv In- 

(TuU IcATCA divcr/o (Km indncsd cloctridljt ud ib<n, oiler toocbmic tho 4 
sEiuif plniQ twrcwed u it, UjtDgoii the copper pku ud reiootlog U^ the 4 
liif.'r«ftA«tl or ilimlhiiihLHl dlveri^ioe of tbe goM Wvm tIII li^dkete the ^4 
e1«clricjtj. Wltb Ddliauin'i eldCiroDctcr, ^IcctHcHy ie ftrvt inap«rtcd te ^ 
the uonductor dtef tbe t«ro plfttei ere eot oa, 40 thet the needte b repelled ^^B 
bat liill^ ]{y T«i]iofln9 one pLaif th« repnlsloTi vtll be bcT«u»ed or-^ar 
(] Im InUhiTd, jLcccinnntt to tbe Llud <>r nleclrirlty imparted nod the plale^?:^ 
ytUkli is ecrewpd oit, A de)>cnte electrometer, vrjtU Znaihoai's pile, b '^■'^"■^' 
Fiintploct of all for the pnrpciee; it U only necf««ary to *crew wi oite pU 
Atiii niu-lctf ihi; c:iporinicat irilhout rurthi^r |imiiuratiuu. 

(3) Toecb tbe bnus pait of the coudtuaer wiih a pl^e of brftii 1 
coppor bold in tbe bnnd, or toech tbe tine pitri <1 the cowleneer with 
piuctv jf tiho in xhv ielihu u-ny, vbile the oth*r pUle U toncbed «iib 
llugvr If thtf L'Liudeii0t>r wua ptirr«:tJjr neoUaJ btafore. xl will iibow n 
(loctricity ftflcr Lbln contact. But toncb 1h« breae part of the ccT>dtt«c 
vitb lUxa, or llie ilac perl DdLh broa or copper, end etcctrJcity wUl b 
iaaatf«fll«d. Fcir Ibh alto a very ik'llcfll^ eU^cfnriueier; Is rv^joEred, aa 
dlitnrbeaccs may bo etiucd bj contact nilh tbo finiccni 

(4) Toncb eiUier the beee or the top of tbe eeadeoter *itb one cad 
tbe COmpoDod pUlf^ Ag, A39, boldlng tbe olher eed In one bud 
toocUng thn t!:ind<<iiwr whh ibc oUier bnnd. The end bdd id tbo h ei ~^ 
lauHibe ofdiflVrciiL tnf.ta1fri>mtlitip&rt or He condcnfcrioDCbcd iHlb t^B^^t 
ijtbor ami- Tbe contnct noed not bo couiinued Jong, hat tbe mrfecN -^ 
oonluct iniLtt hv cWnn. As only a Kinglv i^undrnnlfcin Uikn pkcr, <t^ JC 
eltect U leva Eii tbU ripoiiincfit than in No. 1. ami ubuul like ^o. S e^^>d 
No. 3. To proddcu a strongs action, t\ro condonHrc tajtil bo iWhd- (S*^^ 
'-CoDdeoBera.") 

(^) The two pintcft oHcd for the eeeoad e\|}crinjeul vlU iImi wne t^^J' 
voiuc vxpLTimeutd witb Cluidn, bj layinj^ between tijem e brond, ecey llv^ 
plate of glaA.eTid iproBding (ho fluid o^erllia bnrfooe oftfaUrOr moirt»*>- 
Ing nlUi It R dii^k of pujicr Inbl un the k^aju, Jij>ii ttie lize of ike low^^r 
plate. If the luvrtj pkto ii of Kiae, cocnoct it vitb tbe flnid for e fey ' 
tDomontt bj a fttrip of /.ino bent into proper ebupe, vhkb uu»l be edrt[»^ 
clean t^nfh limn, nnil <rBn bn fi|wnnl aitd «bnt like n dampL by DMAeii vf 
tvro nvoJiiii^-n'ax baudle»; lift, tbe gltu* bf lb prvjertuag cdgr, oad lifr 
eloctrociOtcr will tbon Ibo neitt^tke oloctrielt)' of iho cine, tf tbe Uqr^^^ 
wu aclduliiicd cr puro watf^r. Tbi» cxporimL^al u vurcr Ujnanlng t*0 
coudeiiBvm, and ebjugmg ibu tM.'t'uii^ witb ibu Gnl, oa eireail; di^K-ribcil 
Tbe ttccond couden&er maf bo of brasB- 
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ftullf. (li&t all L]ie»e experlmiaiU ^n? ceiri^b 
bk^ diy wrathcr; ft coodition ^hicU Appllc* cqaidl; 
■to lUl cxiwrUneDU on dedricMl Wdhoo, «*p«diillj vhAD dcoliog i«ilb ttry 
lie cl(vtr[''LT^, nji In Ihln catw 
[2t7j To ihow UiEbt cl(\-triciij U tlh«Tatod likcvlfle by ooutACt betwooo 

netle effui^U of the gnlrtnlc cnrrvnt mny ho 

<apjujtil ill MntiEiimltuti at iholr full ilEuii- 

trition. Tbc oxporinKitt is [Baje bj imiiug 

dilute aitric ntld m a. tumbUr with a Eiul« 

■ulpburic uriil, nnd pl^frlfig in it an amtilgn- 

tatM alfic ]]Ul« bfluL uiTQr olovc, viiLb n 

fi>M«l bioKinjc paper Boakcd in ftoloiion of 

Jiid]d« of potauium Uk) on the bL-nd, Dip 

% plAtlita pTftte. Mitli fl pittlliia w'\n! ^oldtrud 

to rl, into Ihv IJciaid, and bcud ihc wire over 

H^rdn^l tl)« pipQT. 01 in Gg, 540: > br^wa 

>l>ut nlll luLinp!dlfll«Tf nppear on the paper 

^ coiiv«qiicocccif tiic icparaLiou «f iidino frctu thecoroponud^ roott the 

^urroDt fr^n) tho f-latiutt pn.'Tlou^Ij Ihroui^li af^&lvoiiomcitor; tbo alociric^jJ 

current will li« fni:lk'flit'd nt tho ln«imit of contut n'ith tbc paper bj a 

corrc»|»:idlijg dctleclion Qf the ncvdlc 

L^b] Tbe salvaniO pile.— F^orB^lsftln&e Iberonn of tbo pile tn 
P'llvanic oppBntut ia l^ng ago obfioloU; ic is, bowovor, a ttsmtiin^f artido 
^ ttll teil-bocikK, and V[dua1)l4.' bulb from tbcort^tU'iLt utji] birtlurEcul roii- 
*^«n«eioas, aud Ihi-fflfuie iiidvipi^uiaaUfl in all l:u]Iec■tJulJ^ of pbjrslcal ai>pa- 
fnta^ Tbii U th« moro tnio> k>c<<RnHo otbor more powrrful amuigcmooti 
"<»Tn uoi UKunllj Kij iiifltiy ijU^uicMlif. so ihiit ility MblbEl llie phenomena 
'^J tctiAiuu In & ina marki^U uiuuutr lIjuu Lhv pile. Fur tbfi r^^a^ou^ boW' 
*^'^«»'t «nall plat** may bo choion la procnrinc a pilo, and tbo niiiDbi*r cf 
P^Jns not oxioeod 50 to 100. 

Th* hlngl^ p)n<*H Brw i-iit ont of nlieei copper, aboot I mllliniclfTr tW<?k, 
naiUQitrcd fJnt ncd ronitdcd nccurntclr vitb n Jilc j and the PAmc vritli the 
■^Uo piatc«^ Tb« ktUr inuiit, bovp-ovDf, bo aadu of uiotal aliout 1 line 
^clt, bacaatd thfly weai* out fastpp than thn copper platof, boilj by tha 
''^tion crt tbc pUu aiid by frvquvnt i:1canitjg, Ziac plutfj uf tbU Uilckn^M 
^-'^'iHol, however, ht cut cnxiiy wilb the AhcareK The lw*t plan U, to 
^^^l(lo the tbeot cS tine iato iiquarc«> abt>ut a lino luogvr ou tb« aEd« tbao 
^h« r^quircHl dlauivLvr of ibe ptutes. Scratch iu tbt? divifciou liacH d«cp1y 
^«U a Btccl tool (made of * wurri-aiit file of good liuff.) Then lay a 
^^op of otbrcitry oa tho bo^inniDg cf cu« of the Uues, aad drair a sharp- 
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pointed ttlAk, dipped in marlaiic he\<i^ alowlj tlouj^ tlt« Hm : tbe mfrrcary^ 
wni KUalfC^niit^Q ^**^ ^"^ ti\nng Ihft irnck of ilio ntick, «o tltmt H will 1)rt«W. 
tamlj in tbU lintt. Thip procov it coiiTci]i«i;t for cDtUof tbick dot pht^^ 
for ^ny purpose, Th« forthor ri>aQdlng of tbB plAM U 9ft8lly «fli»ct«i^^ 
with V. Poom, <l«cp-«iit aw, after 4;(iil)ng nfT thu E^amtn with ft fliiMl 

The copper And aidu plfttoe miut now be soldered in pftir*. »hk'%^ 
IxsUofl incroftdn^ tbo Action, narofl tmnrlf half iho labor tn cteuliig thta^^ 
Tli«7 miut, h07«T«f , be told«r«d otit the wht^li^ inrtico* ud »oe iDtf«ly 
aruiuid Ihe edj^e^ For iLis porpose. clu&u tlie pkira ou <nie sUt* wltj^ 
tho flic and HCfftper, vtrow them viUi powdered roun, or laoiAca them 
vrSth tftl acDmonUOp or the soldering l^ald, (J 43,) then bud ihnm, 
aod when n pt«ca cf Ai)ft i<oHfn' mt^lu nfi thctm, dlslrlbate H OT«r tJi« 
sarfoct vith • noldcHng iron. From 3 lo n mcb p1ftt«> nrnj be- bf-ifpcl 
fit onoo OD ft pl«c« of Bhwt Iron, bnt the copper plat«4 mcA bo hofttj^ 
sepomtnlT, OA thtty niqufrc^ moni h«tt than tha vlnr*- lVh»a tU tH« 
plates nni tiiiEird in (lila way, Atr«w ft Uttlv renin over thetr •urihcei, Bod 
bold each pair eucooMiTely io ft omnil pair of uDlih^ ivagt oter tbe fir« 
nDtU tbv Kotckr mclbt, which tftV«a place tctj vooh, and prM« tb^xn 
together, lo atjuueEU oal tlie eiuost trf avlder ; cleau lite «ilgw of Ibe plftft^ 
flnollj irith ft nie. 

Short copper wtrtK fihoald be soldenyl o severftl of tbe conplei^ o^ 
projecting enrtt 1efl on ftome of tbo plates, for Uio fiar|30se of otudiiiftM 
coDdncttnjC vtret. ThcAc coQp]«« «hoald be dutribotod at proper bitV' 
TftU la th« pile. 

Thp moUt ooridnptorK mnv he disks of woolm doit or pftitetoard. nhittxA 
2 Mucit leu in diameter than the ptftLoi, iftturntcd vith ft 8olutlou vf 
an] iunmoftiiu: or ealt, or 6ii]phuriGacid<lUut«il to ^V Pnalebofird kisth* 
idvuiagt of not bejDg to eomprpniblf^ O:; dotti, and can, for thl« rviiii** 
bs ktpt mftlfiter. tlin lii^uid mri btinf^ pn-'w^d out lij^ thn ind^^ht of Lb« 
plftlw, Th« liquid miut nortv be oUow^ tc trickle dovm the pae,«^ 
whoaiJTCr it h ^cen to do ao it thotiM ha vip«d off with bfotliof 'fips^- 
The diiki, afttr ibuy nre «aturu]wl with Uquid. (whirh fur pftittburi 1 
rtscttiirta about fttt hoar,) niQ«t be fquof^fd ouVoo thai tbe pTv»>«re iifib 
platen above will not prev oat any more Jlqnid; Iho upper difbi'' 
b« TDiid* ivetCor than Ibe lover onM. 

CEi-th diftkt ma/ hn i^nl with the ndivOTa b? n lln pfttlero. FmIsM^ 
becomes »> tender. oAer mpf^alcii cno with ncids. aa to Coll to pboe»; ^ ^ 
woU, therefore, to have a piiui.'h irjth vrbkb to cat tho dlike, PoitlMri 
mnit bo OQlAr^Jid vbEfb In c^viWj pnniftmtni by the Ibjnld. 

Tho ]rihi amy br built ap iu a tmrnv like fig. 541, in whkli thm r^ 
B B B tiTo fuflteood upright in th« block J, at fiucb a diHaiie« Iroco tici 
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»r u JDfll to iflcloM th« plaka, A biirotnctcr labo ifl half jianlc In a 
COov« 00 tho ImlilQ of oach roil, nnd t'tutcucJ with tt^nliug'WiLx, iad ^hnt 
4<» plitM vm boi iwrno i» FDi^incl. wUb 

^r tbc blocli V V. AAd fjutoncd wUb 
***od*ft |>jn«. A voodeii wrow Jj work* 
^rou^ this bli>ck, by wJikh « n»idc>ntfl 

P^MMit Cfta b« ftppTied to tbe pUe^ 

If one u not dbpo«c4 Ic incar tho ox- 

I tH tiwr of Bai]-h ft Bland, a iSmpl« anbaUtnte 

^^BUj be m&do bj ccmcatiEig Uircc b^rou- 

^^bf tnbcd at proper dJalftuoM, into uj 

'^Wk of irood ; tbius tnlieA mny Im hBld 
togelher kbore bj u triangle at brou 
>rlro, Uko ^g. 64:). A bulf-pound wciglit 
ttuy be uMd to pracs do«iL th* appor pl«U- 
lu tiojldiug up the |iilr, lay firnt rt 
coviiLo of glau pIsCeiv or a di^k of »cul' 
fng-va:^ on the bnso /]»to » to laoko a 
TotmdJitioE »1>out t inch tliir^k, and on 
ttiln laj one uf tie puIa-jralrK 'Vhvt 
«;lolb« DDiut bt iqii«OMd out l>y hand to 
tbc requifjto degrw, which li *q (ra Iniimod 
bf exprrleuce, a;id Um |>Iu1im IkB uu by 
Howot ODC with dry Laiidd. Thu leriai la 
terminated by ^nutLiT of llirf pairs with 
vottpling wiroit, and ik dihk of i^loiw or 
H»IJiLg<uax laid over all- 

7bo pile should be tuL^Q down iuini«- 

difttcly sftcT dw, tbg pojiti'boardn luiil 

oat to ^Tj, aad tho pLatt^ Uitt Ui wnti-r 

pr»pBntoi7toc1eaiLiDg tbeiii. To racUl-i 

tatc tbc c1«aii«LQK, drlvo three poicA Into 

ft board in a tnaogalar poijii^^u, bo ui to 

boM th« p1ai«c faA between tfjom witb- 

oat prt^ecllnx t]>ijTo, Scrub «ach plnio 

wHh a bit of vrood aud fiuu aaud, and 

lay tt In vai«r tmtil all are reuty; tbon 

wipe Ihcra iicrftctly dry Pilfl up tbn 

cUau platc(4 hi tlio ftzuao, layluifcvppi'r on copper and tine on £ipc, which 

viU prcT«nt rmtiag. Keep thv dry paft^boards by tL^ma^lfas. 
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[210] Binding screws and mercurr cups.— Tbe ebciricltj* 

of Ibo i^lvanic tiiktUr/ Iwiii^ of fe^'rtvi ^nt«netT;, mt^re contAM If dqI 
saffident to PttnhlJth a rnrnmuTLErntion brivc^n the conillJcloni. M »ttl| 

fnotuiiijil clcclridtj. A mora iDlimftte coauectton h produced bj dlpplttfr 
thv «id3 «r tbo conditctora in Ifttic ^apA containing morcarf, or prtAa^ajt 

Mercury cupt tuay b^^ lutulb by ijni|ily boriiiK tu & tlule block of ««o<l, 
with ft ccDlcr-bitt a tolc 1 an inch deep and wide. It mny bo r-^mUcd 
intcniiJJ}! tnth icilla^-wox, but U U not QOeevaarr. It U woll to b«vt l« 
the lioliotik of lti0 cop two small holes, h wTjtch to lri»>ri tbe eaJs of iH« 
nirct, or IKtlo books In Ibo eldo to vhicb they ran be fartcncd Coioucw 
fion tliimblei nt io vood ao^wur better, cspccidtly whm tbcrs lit wmr^^ 
cxipn \n llic A8IIK board. Eocb cnp atn ihon b« uktn oat A|iiirAtffTr inv- ^ 
umptimi, tbnn aroldliig a Ion of mcrcurr. Tbi» diirct lovs of iiifrrc^^ 
•nd l^iv Uoloni>rLitiua canstd by llio fiolutioo uf thu mctuU clipped into fr- ^ 
TDftJco laorrary capx, tit tb« pr«R«nt prJco af fnaroaryn il^arrr than bindi^^^ 
iicrrw*, Thr faltnr hnvo llii: further ndtantagu of alhinbg iln* irbuJ* C^^ 
bo mured without (tis<.-uu[:i.'ctir};; tbe coLdoctcrs* and not rwioirln^ il^^*^ 
cads of tb« v\vQ9 to bo nmaljciin>at<'d- 'I'bo amalenmatlon m effeetcd V^ji 
dipping lh« metal tnio nitric or imlpLnriG nritl anil then Into oicrenrj, id^^ 
rubbluif it Ortr the Marfme, ^ 

BindEnir acrcwa arc alwftys prcfcmMc, except whtrc ft miriilcii iiitffTOp-^""^^^ 
tion niid ronQWul af tho contact in rcqnireJ, ot whera Iho pftfU ua«t btiu«^ 
amoiion [ndKpundent of ench oilier j 

Beiidot ibe bfodJnjr sorf w« which art niUchcd to the rftrionn pfecu «f '^V, 
apparotufiy a ntipplj cf Bopurate otiott must bo on faBud, whOM ohape 
depends on ibQ appcUi n^n ffir nhlrb thny am nfr^Eitrr^d. wh^ih*? t6f«ft* 
aoci plnlv nntli pintc, plat« with wire, or wires with cni-h other. Th« 
Acrawa fiboald bo thick and wdl inftdo. with a Tiii>dcm«ly clois^, i!e«p 
^V^^ &I4- thrvmL Tlidr cotjiinE^tloa hM ftlroady 
lx!Cii dtiWrSLed iu { S8. 
To contioot platen or riljboes, rAmph iica 
Fig. 543 r^^l icren«p of tho rorm and lixo rapnMUlod bi 

llg. hMh?, iin> uA«d. To iroiiDeoL pUlOi with 
wIrcA» tlicy mQKt hare tbo form iIiowk in 
tig. Hi ; tho 3ur«w a hdd) Ibo ptolo, wtd 
b thn wfro vhlrh U iliniil thrOQgb OM of 
tilt liuln c. bored at right ingfat lO Mffc 
other The bi>1» miut be \tTfv oaDQ^b 
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to wtAmll utont virw, nnd Ibe Tiolo r»r the icreff mnrt not bo cnl 
iJeeper thAu iht^Sr tjppcr edye. Whc-n Ih© hole extendi lower, thin wirta 
•TO fbrrcd into k ntid bent, nnd flnaUj- hrokna /•^w ,^45. JKiJ;. 545, 

offl Wfrtv m&j be cuuiiccttd by biuding Hrrcw* 

Uko fi^.64fi; bat tlie timplcr fonn, reprcHL'Ejkil 

in ft«^tion and m nuinral lisc b fig, &4B, h 

BUfDcirnt for nil fnirijifH-s. Noripmlierg'a mva 

cln.iii|», ^S9. 54* ftad iJ48, are ftimpler «tiIL 

"^lioj Br« tQodo of LHktfat bard-drawn wito, 1 } 

l-o 2 militinners thick; lihcred roppur wirt is 

fiinding: weren't d?«tpvcd to remain i>trmaiKiQlI,r on an apporfitus Are 
oft^sR mode ia the form of fig. 64W. The wire from the appftrntas ie bont 




lig. 6i:. 




Fiff, &*a 



/ 




3C 



5 



f 



/ 

^t«> an ear And bammpred fint, and tcrcwed tn eitliCT at a ft or <? <!, tho 
**^C fruiti UiH I'leL'UoujoL'jr bprnj^ seonrtfd bj tlie urniw^'. Tu iiivu rooiti, 

^Q mre and the nut ^ fD«5 ho la Into ibe 
wood, in whiL'li t-aio it is mode in tbe form of 

Iflg, fiftO Th<i ends of th^ wivvn j.'^^ =,^q^ 
ihoald be donriRd with a lilc or 
sera|ior^ iho Acrvwi mant bo al- 
ways titrnfld mytigln,PBpBcJft!l7 
w!lh bm-ii wirvs, Thu ctTei^t of 
Ibo tigbl ijrcjuaare bccomca crideut when lb« 
\ o)eGtroni9tor« ap^ itieortod. For ibid ronnon, 

i thrt hrnJi of the Mnrcwi ihould nut bu mniliT 

loo etutitl. 

fanui BattOriOS. — OalTanic piles bcinjr 

vpr)' lEifEctilt lo ujdr, otEicT ciior« coDreaSoat 

a[TaDj£3uteaU bare bu«u buliHlilulud f^^r them. 

lOM cf ro*»l coaimon ou arc atodifieatioiK <if VoUn'N cups, Tbo 
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Aiptait node of ftnau^Inj^ Ih^ia. h 1u r-tft bolU ofiiiic oacoppir vbrs. 
Id a halUt modd, tbvc bend Uic vireH na cbovn ia fiff. S£l, omtpkee 
tliom ie ooanmon tumblcn^ bo tbal the ckftkUy uf itie niro vUB hold «ftob 
pAir or ^fufu togelhor. Tfa« tuQil)l«ra lu^ pon3j filled vlib ibe 



FiQ, 5M- 




f I /F 



uoilini- liquid, ir4t«r HoidiidHtcd vritU ,,',» tj /„ puK aul]>huric, ood ^'^ 
^ ci nitric acid. Twtnty or thirtj pnlr« nr^ fudlcloni to gkv aboc 
Fig- TifiS khowA tliti ftrriLUgirtiiGjii of thir niipjirjttuik. A ibnpl* co|ipr 
wire ftirma tho po«lLlTc pole. To deunumi; nUc^b i£ iho i>a«itir« pol« 
niiy iiiU-Lko arrnoffcmont, no tmvc Qnl;f t'> consider tJift coTDjdDU coup 
\l U alwujR on tlio tlui' ^Mp, ili in tbo pile. WoliutoaV iDodincnlion 
tbU ap|iaraliifl b uiiicli more couTeoiaDl nhec jfi^ater qnaaUly b nri|uirt 
To i^anitruct VVoiJutftao'd oppAratn^, cut plaicri of copper, ^ to 1 tail' 
ni«Eer ibick, like lig- &53, with \% to 15 sqii^ire inch^* sDrfiue. 





elrTpn c c oir left to guildocI cAch pur of plnto^ A nkriov bUlp if tf. o^ 
ttotnoTrhat thicker copper, h suldurcd with t^L to oae of Ihcno. Tbo £i»'' 
polei <i ft aT< niftde of tho esrno nUe bat ftoinewbat thicker- Tho tirliv 
d d nri- Jijndc nil of Ulo Kftuin K^u^lb, niid a Ktao plnle Roldorud to ooc cvJ 
vf czu'b; one copper pkte ia kft tiocuuplcrl, vjd likcviK o mc pbl^ 
£acli p&lr Is theo bent a« ftbown in Dg. &;>!, and liie tine plfttc of t^< 
AiR-ccediiig ^r laid li^tvr«n lite ciro- 

Tbc tlno b icpuroU'd U\ni\ tlic copper by block* of vouJ, nprincalfd 
in natapAl dsCi %. 6&5. wbicb ve puBbi'd nmitr tbc lover t^^ T'^ 
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sJmilar Hocks ftn kid oborc, qdiI lite capper pL&t«A tiod orcf Uic«cby 
^■ir-<<« inncrtcd thr^ogt th« liolee e € e e. Fig- 556 rrprctcDCi one of 
Uiovieeletnnittt. 



4 



J^.555. 



M 



» 




^ftur llidfi mmhliilii^ thp p1fiTB4, ^f^\\ pair ti4 ftiirrncd trhh wnndrn 
'*^''Ow» ihrvui^b the ulrip a A 1o u bar of oftk. uliual 1 mcli Bqattre,fti 
T^prvicntc^ in Ap. &5T. It 1a evident that lb« lon^li of the Btrip« a b 
^'^UHt depend ^o Ibe *ixa of tlio glasnei. The upparatni would t>e more 
•'Otn paci If ihp glotuet were Hjuure, uml ^inljr uljout tj iiLcliea "Ule. Ten 



or tvelTo palrR aro fiii-Uni-d Eo tinu b^r, and the l-ujijji:!' '■\\\^ of the fitiit 
Ctfiper plate tmd llie ImL zjui- plttE^a llirtist llirouijch lliD bar, «0 that COD- 
doeilnf wire* can bo more cotjtentontly attached to tlioio* 

21 
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T^ fflv&ca are plnocd on n wockIoq viim6, m \h%\ all Uw plUvi OMf 
faf Liftuil flt \Uv ffiuib lime &u<l vi2i{iurt^ abi>T« ihe |^MW> FSff* MV 
rcprcAoncA an nrrftiincniflnt of Elvu c«ll*^ 

Ify <?oanec.'imff the Crut copper of oae «uch torici vith tbft IM tiM 
iiuoiher, vp ohu^rt « baiteiy of tt tntnf pMn as ibvK sn nil* ; lif eoo? 
bJaiDf ihi; uiicou|iIi^i cop^wr plate» cf «Hch «eHe«, an*! Kkcwbe tbe 
uncoaptud zone plftt««t ^c prorJuce th« viuuc cGVcl u with a inglt KriM 
or pIfttM of Iwio* tli« sla«. 

TliK lulfiviitiiifr of thin aiTn:i)r?moiil K that thn pliilpn can 1m Nt 
rviDOT«d ffoaa tli« liquid vhoa not b ii«o, luid thna 6Toid the va«tc o( 
lino; ojid jiA iboj on all ImuivrMd lamulUaL'OUHlf, th« lint action, vihkl 
h tlu' rtic)«i |)uw47rfd, li VQt lost Thn pnw^r of toch a tuiUfity remnlii 
tolftrably coaiUml afUc Uio Um vidoni nciioD m orer. The ^oui riiOQ) 




L^ftnA^^^lllAiifteT being oMd; if any flarthcr ciHbifaiKti 
■fljiaiqlWIttittait bo uh«Q apart, 
A trou^Ti at fvcLUgliLZf d f-Drtlii<nwarv» dEildod Imo cdls^ IB^ iM 
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till«d fur tiw nepWAttf i(]n»<9L A hntUrj nf A tn 1^ piiirv \> niiKin tcrv 
OQEnpocI, luul neis^% no etimd , it in dwAp Jtadj for iim> it oo^ilr cl^aucd, 
and nill la£t Ear niAiif ^oan. 

MuinH'li U%A ponlrlrLHl n rery gooi) nppftrntUE far ooniifLiit msir, vrliich 
rciVQmliitff lu iouit* rvap«cla Wulltulou'a, aaJ U ulhcm FunMlu^'n ftrrnn^e- 
rootit. It JA ropTttcatod in f[^. A6d, und cctn^sU of ^ copper luid 4 
x-Inc p1at«9y itft in Mpnnkto grcovcn in tvro vooden fmm^i, mnile 1o vlidc 
op and down on a rod. The plaL«A dip Tntu two glnasea^ [n whtufa the/ 
<^CLn be immcrwcd to av,f depth rcciuircd. Tlic Torro of tho plaice le »hovvii 
i n fi^, 5;MI, DDd oftcb, witU ih« OAtuptiun of ono tiau pidl*, bod & *trip of 
«Of>p(*r noldfrrpd W If, to whli*h hlnrjlng a/^rewa mtij he allArhed. Fig. ft60 





\±J 



Eocb 



'^^ovct tbc arTungcmcnt of tho pinion, the pole* boinu at a and ^> 
W<Liv m87 b« takeo out t^puruiely ttud clcnued or uni&JgafnftU^d, 

C*iSl] Hore^ calorimoter. — Thh appnrata^ even wlili ft mrTtcv 

'*^ only 1 or 3 jtqnftrc foct, gitw n vcrj powcrfal rurrcnt for & nhort iItoc, 

'^1 eoinparaUro choaprii^F!^ mid ouuvunU'i^i^iT arc j^out ruoutmundntEi^nii^ 

*^ Uped only he plfircd In The luh to province a powerful currontH nnd In 

■^^^^iiy cictmcci by pouring wiiter Ihrongh it, 

A hrgQ glntt ji^r J» KuOioitJiit to co&tain nu nppuraluii <! lugJcrate 
^WftnnloDii, which iji coimtrQcCtH] a« f'^llowe: Ttic pUtcn of xlna itnd 
^^pfHTj wblcU nrc olnnit thtf aaniu tlii^^ktiviiH ua fur WollttsUin'n vlifu^i-ufn, 
^c ni^e fts wt<l>; A* llic^ dcptli of the Jar will udmH, nnd 3 feet ]<mx. for a 
vqdoI { incbw in diaiiit.*tcr- The coppt^r bting on tbc ouliidv ii inAdo ft 
VtElD longer Any exceia {-an i-HALly 1u^ out ulT wttli tli« ii1i«un, Luy 
t)tliitvu ibe^bcetft of ibcaod copper, nod upon tho latter^ »Irfjis of »oft 
poaulH}^, nboul I Hnc thick and nit lon^? n« tbe plnlcPt ftod dump the 
pack bMwc^n two Iron linn, nbont I Inch v^tU nn^l ^ lo r> Hh^a Thkk. 
I tMeae^ by a hand-vlcn at f-ac\i vnth Aflrr btritLiiLjr ihi? int^ial lo ti 
^^H moderate dcfci^c on tbi? Mdt thun rajtcntid, ht^ot tbtr platen Into a coil 
^^H around ibti bare vjth n A^oodcu malt«l, which ran be dono by a ttnnoror 
^^■coppArsmltb In a fen- minnli-E, Thrt inmuKt furn will not Im quitrt ronnc^ 
V hut ihnt U of no importauce. The ptotwbdard la then reraoreJ, 
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II croas. fi^. fifil,i« vodged fut to iho «nd of a round b«r«f 
:kn?«:4, in ib« ttp|>ir part of vhich tvA tqaaro h^lei ore eut to 
r> oihcr HinNJler ban M Hghl ATi^lr^i to i-iurh ulli«r. Tltae ban 

[to skIi oUwr, aod o&o or th« boTes imde twic* m Ugk m ibe 
admit tb«tn; tb»r u« fMeo»d by % ««dg«. T^o dutuo^ 

iheM crooei mut be t or 3 liau 1«m Uwi Uie vidih of the colU, 



>\7. &6L 





pI*»U\ Fig. S*^ rcpfesi'niH ihfl ji|ipamlt« cqitiiiIrEi*. Tar Urge «?0[K 
^oodcn tubfi ttv nb^<i, auJ Arrnnf'fd a: shuwn in fig. £G3^ 

■A vmfjrlo WoUiuit4>tiU clcrmoiit ifi r^rj ccntonicnt for similar purposea, 
^Vien H. Kiron^ c'lirreiil k nul nt^tOt^tl. 
A handle i* foJ»lcQcd to the copper pkw, ^i'' ^^*' 

**<i€i short c«ppOT wiroa loMcrt-d on ai 

OcntcflV ImuirTi nppariLiUfi in vrtf 
^o&T«lent whpii (i powerful currtul ia ^^^ 
*iqnip»d for fl liUon timn, Tikoa>bs*t |afr;a^|jij 
^EQ|ipt!r KEi'l licmi up lliTi hIiIca kt aa 
^ form a rim all uround cm inch bigl> a« Hboivii in R^, bG4. In iIiIb laj 
^ xjnc pJalo on a cOQplo of ntiokit, nnd the nppnraiax u ccmjiJot^. 

[383] AmaJKftinatinp: tha zinc. — I'l"^ iiMnipiuMiiioH nf the 

^iuc uol uLiI^ iiJi'ft.^t?'.'^ till? [Hjwcr of ujiy ^ivlviMik u|rpiifBtU0v but efT^'U » 

^rcot mviDf; of x\ac. Now platev arc nmal|?a(iifttcil by limpl; pTavItific 

vome n«TOiaiy kiiiI dSluLad lulphurw or hyclrovhlork' u^Eil in a tilth, niiO 

ttppljlDg l>ot1i t(jg«lhcr to Ittu «urrflc<; nf iht niHiil whh n swhW braili or 

« avfob. When tht< platirtf liBTC oQCG boun ftmd^aiaattd, ft » ontj nccr;»Djy 

1o plac« tbom in the exciting liquid arjd jtuur iiilo tin little inert^nrji U 

"will MOD AprvKil otpr tlin Knrfnrr Aft^r tIir plnti-n h^ja Ktiuirt fhr umr 

time luiOMd. the m<;ruury culk'c^u ici liuk ilrupa; btLl it »|in;miB cjvur Ihv 

cnrfuotf ogabi iv aoon j^ tbo filulos nro Imru^r^ (a tlio OxeiKng liquid, 

*WheTi the £inc U iii % «cpnratc cell, It n^qtilrc^ft no more hhar xhtrn ilmplj 

111 piaxv surjL« iiiErt'ury lu llie telJ. To aiuttlgtuuAlu thu Wiil limLuu^B 

<lc<Di^niA i^^acribcd in jt fitfO, dip Ibciu Into dlluto acid, lay iLem in a dif-h 

40 that Iho loiigeut v*^^ Of the nine wjlf be npj^ntoit, nnd pour ft ft-w 

iln>]i* of Loeri^ury on eorh xlcic- jilai^ from n plpittt^; tlRni Immune tbv 

ckacntl again imncMliatelx- 

Heraujj whlcb tia^ bei-:i ncci lor umcilfriLiiiaiiEi^- fjco mnat bo ftopl by 
ItMiC M It ti >^^< 11^' fi^r >ny orht^r iitc wU^mit prirlAonllon. 

[289] ZEtmboni's pile.— Thtj cwacnlJnl ptnnts of the coiLEilrucLion 
of thit pSe bare oJri-'uiJy boio dvHmtH.*d wlicn spi^akmf; of UohnaubtTfrcr'A 
flectroOHtwr. Tnk^j a ghasi InU* oonti^d on tb« EnELd« with aoalinff-vai,* 
and flli it with ili^kt, ^ to I hidi in iliimuTUr TIht tidH- rnuKt 1h* vrUlv 
cAongb to ttluiL dieka without crcwdin^- Th« pile ia inout elTttcUire when 

* 1I«A( Iho IqIc i^aJkiftll;-, b«j<iunlng it od« cad, &rid drop biin cf ev«1ihf--«ii 
loi* U, il wHl iCLCh nsJ »(>rciiil Uivlf >ery uDif^tmlj over lli« mrtuci*. TLu lut^v 
BiusI b«iurn«d ticCfllaally TbLs it rheturciT wny tn iri4l(« fh« (e)*"" iTmnhEe fl»lJ. 
bvl ii lEoha the AppnrudiB imaicr iv i»b9 « tube vh[«b litJuhUcii i*«U alnaJy 4*4 
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dUltK nr<f niiiiln cS illrflr pnjirr, toBlid on tht: lHu:k irilti Tcrjr finelj 
ihenzixl oxide of maB^ume nib1>c<] up with tbin ^m water, and oppliod 
)t7 thinly. It 1b« disks rab a^lnsi iho iflvn in froinj; In, tb*j Imv^ t 
Ini? mvtnlllc cantfog, vih\ch almoul <I*rtrf>f* ill© eff*Cl of Iho pfJo. Th« ^ 
,\i^>e nec^i uo inouoUtit;; it ma; hv dos«d with dr; corkfin tbroagt vbkti « 
f»fijEbltj tnpctinj;. Hmooth mrci iirc ttimni, the end* of which prfm on brtv -^bi 
pUT*ii laid avvt the dUkJt of pnpor. Tho fHtnioD on ibo*o wfira ICMp^^M 
l]u) dmka suOicierillj oomprvuML The curks uru uftetAttrds OOftM wltliBTtf 
icalinir-ir»2. 8a?h a pilp, conifntb^ of apw^rdw of ID^O pnitm <*nH4 ^^ 
dir^rgouM in ft delicate itrav oE«c1K»mei«r, A i>ou|i]e of doMS m^^F^ 
dink*, vtrang ou n iliiva*! anil \M togiflth^r, ytve 1nd1fMtifon« of elwtrkl^:;^ 
with A condcuKor. The dry pile it tcij conrtnicnl for Rh^wiAjr Uio 
of the condouMr, 4nd th« dllTcr^noo Sn tb« icastoD at tta polo* tn mi i 
Int^ nnd ni]lii«nTfticd cniKlldon tnnj bn iIiowd aleo. A plU of lODo 



n 



/^, 5fi5, 




1 



mnjr be built up on n boafd bvl' 
ibroo sb^'B ■^"^» lu^^ oovprMsed 
lUW nriagt ti*d bolov, loatlog Hi^Mfr 
«rnp< pn^jM^ting betwrcn tfr^ry 1 -^Jy 
jmirn, ti> ahuw the ^'TAdnAUy inctvui. 
tmiion. 

Two piW of 3000 pain cocbf tci 
B butml mud cxniun'ted Iwlov bjr' i 
ftTl]> of fotT» M in ]kihn«iib«t:( or^ 
olci?tromvtcrr wtll Mt in aolloa av 
ele(;Irh!&l pendaluDi. Th« aTraftgerami 
U represented In fljc, 5C5, The appf* 
pi}]c(( pua throuffb a roiiDd homtt 
M-bloh re4t4 on iwa plllan, anij otir 
^ihEoh tliv }i«itdalum ta suspend^ ftvv 
A bent wU^. Tbc pcndolott b id»J' 
<ir & light, hollow bnm boll a, GuMo^ 
u)n tlf'ndfrgliutrod; aiiotb«fbiDb 
u»nl to t>[ilancc the flnt Tbfi bifl ' 
bani^ when at ntt, between Iha p«kA 
And th« gbui rod tnan fw k*ng foM^ 
to alTow I; to r^iioh Imtb pote t? 
tijrDJDg on the thread oa an «^ 
heM ^\a^ iti pUfoJ wrtr the pendA 
to Iwp off <-nrrontB of ftlr. Odci 

in niolion. tJtU pr-niJulnin witl rontlnue tn ONcilbiLc for jnae^ mnnt^ 

eovdog to roat aad bc-jinninjt as*^n of ItsdC 
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[931] Oonetant batterleB.— Id ord«r to obtftta a Mronjf irolf anic 
curroct whi'^h Khali rcmaiix c^^nttnut for &«rflrfll hniini, bfttlcrivH tnuRt b« 
conitnicicd of iwi> mcflH vt-jmrnlr^d hy a porout piirtiticT]. ttich urlnl on 
by H i9epaiut« duiil. r^tri>iin &LiiTuaJ iuhui(itqucb, ^elcIi (lb llie libim«r, mny 
b« ctaptojcd for lh^« pnrpoMs but xUtjiv uac ie aUondcd niib »a lanny to- 
eOBfCftiOic-CM, Uial Oiffj urp navr almoil i3tvivc'r*n.Uy iup|)1ant*d by telli of 
porooa clujr. KEtuItlvn hiv aclJum tisei mi:tpL lU tiju jptb a^iu^ldatk' 

prcK<M»rorivbich tbeyArcrcrycoTiTeiiicnti the cIccicnU orcarTiLnffcil for 
ikk p(tfp9«a in » peculiar wmy, vliirh wi{] Uc dunoritwd in ii» propvr pliicv. 

TTia [kOroilA cUy olU urn m*4i> ".f porc<^l*ln tlnj, pljw clay, or nrrilnary 
cUjr fVtc from iron* vritli Ibc a^liljiion of tk lilUc quarU rc^imI. Th«y may 
alia be mode of pkustor ctut in muultU. The porccUin cclb arc very good, 
tttd tftrongiT Iban tbe othen Any pott«r cftn mtke tbem oat of vliii^ 
day Alul flnr ii:in[l. llti! ]iiri>]riT jinpurljoriii i^f w1iHl hi^ wit! Irani by a fcM 
trioIsL Thc^r mani be uEiiWui. anU ua iMn ua puviibl«. J'Wcr celltt 
muct *>e hawdioil r*ry cifftJ'iilly whon they arp wot. 

Th* eipcriiiicnicr ottn nmlu ibr ir{"l]4 for \i\mttp\T oxer n wooden mould 
on tbi; lathe. 'iLb mould \9 coivnxl Willi papvr, iiuil burci ibfou^b 
jrartllol wjtb the t^xle, in or^ir^r t^:) romrtvo iho c«lU morv easily. Jboy 
cftn bo mode tnor« qd tfo fully ttilu En ihitt way tbiin by Ibo (rouitnou pottLT, 
Lu whum iha prepttraUou of tho day and ib« burubij^ hbuulil be bilruiitoij. 

Good clay collii thodd bccoruo qniic damp on tlic otitsidc ia 1 miuutc 
After water N peurod Mc Ibera \ thoit^ made r>r p^i^e cLuy rt({Uire oa\^ ^0 
to SO iw*audB. Tbej motitj how«vfT» \>^^ free kam or«ck« wtjich allow 
«altc to iricklo tbrooffh tbcni ; oibcrvuc tbe nitric acid will pcitctrntc to 
^0 noo and blacken iL Impvrf&ct n^rtia nri.< rtudLly doU'clud in tbin way. 
^H To |>rfserTe ll;«iii in goo<l order, It U ahi^nlntiily i[)dk|iPnKnblc lo wuib 
^^mni out oncb time nftcr luw, uud hi Ibviri lu; 2^ luiirii la a tub of clvan 
wmUf ; otlwrwjuotbeyboou Lco<mi0 60 brlittv n^to broak wftli the alisbteal 
jar. 

'n»«lr i;hn|Hi inuit bo in'cunttEly (^ylLudriL'ni, flg. 5flfl, 
M tl»t ibo liquid may form a ^trataui uf uuiforui tbkk- 
ocee betwoen them anJ Ib^ motnl. Their Mtt depends, 
of eoorte, oti that vf the pk*tni.'iitji ; bat, thvy vhoiiM bv 
Jost bi^b cuuiij^li to nllovr thoir tUiikcuvd rtui li> pro- 
JKt above iEjo otctol. Tho bent cclli vhich tlia author 
bu ^cea, in reipuot to thti re«iiriiLLte t>ppofced to tbe 
convDl, were tuade by 8ii>br«r, iu I^IimIc. Tbcf Tilt 

;el tho PnriJi poticcUiu coIK 

[935] DonloU's constant battery, — This 

of eepper and ninr- Tbr n>Ei[HT ii ac!tn1 on by Aifllittitm of 
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AtToy- 



ralpftftU urc6]i^, ftud tb9 t\m by dilute «ulpburic MiiL It b Icn^ff^nni 
stilcb Rielal \t placiKl on the outside, Ihat («. vhicli li&fi the gre*t«r wr- 
focc. If n nunsc(i*a bbtitt; ia nUo ot liaoO, Ibc tine* should b« M 
Amu^d that thi-y <^a» b* nfted for vUUor 

I>iLrge tumlil'^iv arv mini! far tho colli. Th« xlnc and oopjHT orv botb 
bout into ft cj^lindrlcol dhaiH:, 00 ttmt liolh will apprattcb tM Dur ai pO»< 
Bible to Iheclaf c«TJ& The t\ae moAt bt h»kd to b^tVMO 5K>U*^iDd 
Ifgu^ F. boforo bonding it, oiherintv it mil tr«ak. It 1« fln«nrftrd ftOittl* 
^fninftlcrl. A grput kH«iii|- uf thw. h iilTn-liTi) In- i^oHlin^ t]w iWe wfiii-li i»- 
lunicd ftirfty frotn tbo GO|>|i«r. with » varainh of Mplioltam diMOlrod Lii^^ 
npiriU of larf)riitmo. Stnpv of coppof uro eoldorvd U) both Bi«tdff, >^^ 
ttJiown nt a, llg. 667, ta whicli blndiug vevav/t mfljr be allAchcd. Tb^^ 

^^. sne. 





oQler Dieitl Is ninuillj made to projei?t a liLj^r'n b]-«»4iib abor« Uk« gkB-<*^ 
nnd rlie Innin* thfi vmtno drstunrn ftbnvn- tht^ riajr cell, Fljf. fiflS nfiraM«>i* 
A DnnielVi olemcct oompktc 

A% tlio imlforDi netioii of ihU battery d«pndR opon the coiiAut B*t0- 
ralioii of the RoliUlon or ci^ppnr ^t "^uvt nlnav* cotiuin nii 41XMCS "f 
riT^tiJn cf »ul|il]al(j ofcopimr If this U timply tbrowc b ibe bott^jia </ 
ibe oel1. uulj the loner >Htraliim l>ceeTOC4 aainrnUd ; Ibt titriol a«>t ^ 
hung in n gnuin bng in :hn upper part of the v«tftel, TLe ncUon of tM< 
SiilttTy K vL'ry eitnitnni; but il. in ko Triiu'b vi^akeui^d by (la uperillc 
rcAiAiAncc, that ft b uoL TJ«arI^ bo poiverTal u Banpfc^a tfaC'Catbos 
batt«T^ of ttie vrtoMi »ise- On tlio clhor haridi 1I ttis the advanta^Ai i>f 
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ErTt?at«r cfacapncas, iDOtt permaooDl action, and freedom from nlltcos acid 
ia|if>rs. For the tmmd lut laotitioiicd, Ll ii «tpociaIij pdnpiod far an 
in W()r|uhap^ ete^, nhere tlii' ociJ rapon would be [i\jurluu4. The r.\nr 
tawky Xjk tKUd OD bf a mIuiIoq of couimon fcoJt Lait«frd of >uH>hQrlc acid ; 
a ba|r of tht Mit mntX tbcn bo hun^ xti tho solatJoa, bat tho Mjbi^iiatc Ja 
Dot Tcrj f^oil Wbeu the elemeDU ftre kept ^ long time, uteral veelw, 
in ciMuUui acUoD. a \Mri of ttie old Tlquld atiould bo wItbdraKik bjr a 
tlpbon. iicd reptuced hj fn?«b. Thin applit^ o)|>e<;ibt]j' to she. 

Tlie elements maj bo 40 c-oTknec-t^d, (u eltber to form n battery or s 
lifiph? elcmnnt uf litrtfr wirfiur. In ihn formrr [-rwi?, tlir "jpprrr nf ttiin 
tlomeot i» cottnectcii b;r bindia^ ocrcwtt to the cine of lUr* ntxi. oiid tb« 
«l«ineiiite «o amn|^ ab to brLiig the t^vo potee u olo«a lo^etber ai 
^cxsatble. Id iho latter owe, all Iba roppor plntCK nr* etmmttvl with one 
^rlp. und all the £iiu.-s ititb aiictclirr. TIic cdU «bould be nrroiigud In a 
^A^r %- ^^^y Jatt Large cuoaich to cotilaEii them. 




C2^6] Grove*B battery.— Thii im^ i :: 'i > ri,,iu i/.„. .ir.>.[.|L.'T, which 

'* ncteU uL» by tooccLlralcd nitric acid, l^ni Ir i^ ,1 j.i n m; itilr r n.'?,|wcls 

Hko DankU'a ljatt«rj, TIja due is licted «n bj mil^kbujic acid iilntc<I to 

^9 or 1. To pTodQce Ttry rtronii; ciirrenU llie >n]|)hurlG odd U mcd 

'^^ng^r. 0Tcn iim hlf^h n^i niiO'IiiiK; murr tlflprndft i]|ton ihU (hnit iiimn 

^'>o airongth of tfao nitrk ixcid. This b the aicdt pawerfid coiubinatlou 

^iac>wq, ia proportLon to thealxe. lia llrat(*oBlls(*onflHorfll>itr bulnot m 

fn^iLt ai might ht- Kiippoatd, when tunAe at home. The plailna in neid Ifl 

^'^^ form of iTrf Ihin foil, lu it 'k-jjciida ouljr on iho narfoce, and 40 or 60 

**l"*rc ittcli^ of tvah fell nf^d not c^tsl over four or fite dollar*, | of 

^nlob U the pvTiDanc^nt Tftke of the metal. Soch vcrj ttia f«il r^ajrva 

^■^ b Imndling. which must Iw ubaerveJ. 111 fad, wrJtU hdj sppamlaM. 

'^^eiiltappaihi*e*tol*eiid iJiin thin foil around a picco of laxap-chlmney, 

''^ tie it «bov« Abd below wiiti Eae plntfna wno ; one comer of tho foU U 

^<*t oter to tho iaeido of the cyHndiT, nnd u pSccr of Uiicker foil leld on 

^ Thla foEl It Boldered to cop[icr nnd vamUhr-d all over trlth Kkfplialtttm, 

**P»pt where it is in contact with the thinner foil. The two piece* of 
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fall nn prrw^i*it v>«cl\w.T hj a cork Hticd In &lf ifffliU ^^l Tnnkbel 
Tbe nitric ocid coQsumcd cohU rather more thnn tbc snlpbaic of c»pp<r 
roqtiirnd to pr^ihic^ b current oT oqniU cirenfrili vitU Dni;ittll'fi taii<ry, 
Wbrn i1h- foil Is (htcltnr, ft li: Imti^r In mialn thn Arrftu^cncnt dnrriWd 
iu ihf prfCLHltDjj; imiDt^rbpli for D»[llvli^t batti^r^, »u1iati tilling plttUnftfor 
co)>|»CT, It U Blill h«tl<Tr ti> fnM«a tlio foU to a wocdrrn corer Attlni^ <ni Uit 
da/ colL LofliTe n plifoc projcclinfc from Uio uilddio of tbc foil. 0^' ^Ift 
to wltL-li rivtt A (luuble alip uf cuppt^r of Uie tmnt wnlth. UakvaiiSt 
thronjrh tlic nif<l<I]c of tho cotct, and IVoTa thb cot na S-«lupcd icroon. 
nhout 4 a )ioe 4o«p, fig. &T 1- Piab tb« tttrtp of copp^ through tbe alit, 
b«i\d the fViH Into ihe shape of on 8, and loMrt It In tbe groore, T^, ^IJ 



a 



'^ 



Jl^fiTI 





--Mi 

Fliallf , All the lowor pf^o of the cover with mc\{cd rt»!o, to keep the U\' 
In place- The cor&r verve* lo rotttin Iho nilruu* ociO vipor* parity h th* 
cell. Thfl plalhia foil may hsiv^ froin 6 To 30 tir)uiirv itji^he^ ^uiUt 
Ftff- 573 roprcswiil* n Grove'* clenjcnt eoro[>}ck, Aiiofiicr form of tt* 
HQiDi^ hott^ry IF' rvpri.-4cuiri[ m Gj;^ £T1, Iq ihict Ihe ccti ii a rcctau^Iff 
trnngh, aronzid wlilfh the rinc Is hi^nr. The plntlna foil H ctratght Mt 
Elxed to a coTcr aa btrfore. Tho idcuiriiu lujif Lnr placied in wimIo 
trou^L4 ooattftl whh ptt^h, Iftho lUc fn bent twice M n right aii(;lt, ll» 
anccoiKthi^ plallnn f->n mny hn annclioil (]fr«L;tk tci tl, nl ^, 

Th« {iliiy ri?[l« of tlicsK chTmc'iits muat bn ftoniiiMl wpU aArr nsaa aal it* 
ftll wa«h(!(l v'tth wAlvr. Eu^b fuil shciuld br? kept ia iti ct"!!. 

[3*^1 Buneen's zmo-carbon battery. — In Mt baiicrj tt* 

plailna In ivphiced Ny rarbori Tlic vtciliiig Itqnlik nro the canu ai It 
Qr^VD'i battery. The cyllndtra of carboa r«qoi» & apocial pnj 
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)\m CimT» pnhf riiff btid xiri llivui. Tin* ]iu«ilrr iiiuhI 1h«»ti hv jiIol-hI 
i'ig, 6T3- 



^.5T1 





in a mouli of aU«el iruu, wbich Is « little n'idcr unU ilUijuL au Im'li higlwr 
than the glam in wbich tlioj aro to bo [i^l^iI. Thh mould in not riTCtc4 
logvthftf, IjQt AQipljr Lhc cJgvH Eurni^il up to iho widih of A ild IdfZi and 
duupvd leather, G|^. 5T5. TUe mutiltt U ditinl abuiu urji] t>e]uw b/ jiltrus 
bent ap in Ibc tome mniiTicr and pij^liod \u. Afl«r one end ie ckinci), fincc 
in tb« moiEld a c^yliDdcr of |Hui^Qb'>ardr sa m to Icjlvd a ipue of about 3 
nniiinelera belfr^tfii \i und tli4> muuVK urid lill tlih F<]iaee wltli ttie coal 
doflt Bbfll;cn lojcctiicr but eio( couiprctaed ; tbtu close tl^o other fix], and 
plaAfr the joinbt vitU claj, llcftt a nunibur of moulda Ullod in tbia way 
to a vM Ikcnr In a fimaro, anrl 



Lovp op thf \wnl unill tli4? Jtni- 
tvUon of cwl>itnii*d - Jjjiliopcu 
gu <«MQii« vbicb toqatreo aboiil 
I of nn hour. AftfT EriHitmg, the? 
coft] irill b« llrm enougb to ho 
taravd Oft a Utbo. Tnm ihrm 
off lo tli« thapi* of Hg. 57f>- Tho 
lauxih «f the uattowfr purL of tlio 
cyliader maM be a little Ices thau 
tte lidghc of ib< i^leitf, ao that 
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the brood rim itJll reit on the ffton o,ad Cdver it Tb« smaOtfr p&n tauil 
tlip «adl^ iuto the gla^ The Jnt1d« moat 4lsc b« tcrnod olT aom ibt 
ftmallur pnrf U nnl/ ;^ nr ri nillMmnieni tliffk- Tha tool rjriioilcn no 
futcacd on tbc Intlie bjr a wooden cback with n fride »Itt itnd 4 aUdbiK 
iron rinfTi nu arriLo^cimciit fiimiliui' to t^cry tuner* 

Afler ihie, lainrnUr the r^lindflrs with molflJ^Oi or coftl-Urr uid dtj 
them Qgniu, Whi^ji dry. pUiri* tiirmm a crucibte unoug chwoftl |iowJrr. 
lut« QQ a cla)^ cover, nnU buru lh^![IL (u a p^tltr^B tomac^ 

Aflor tlio cjlindrrm arg burnt, borv n Taw holr^t about & milluMUn u 
dUmclur, obliquely downwnrd through ihetn; tbt^n lieai (h« brmil ritn 
aud uiturato il wUh mdtnl wax. t*j< pru^^iil ib abwrbbg citric add, A 
cO]>por rinfc, dtbcr riT«tcd or bhrd aoldcrcd, vvMh a proJ^tEi^ car, fi|C' ^TT, 
is lbi»ti tc- bo driven ov*f the rim of the cjlindcr with n ftw getrtj* tlowt 
uf 11 htimiutr. Wbvn the ring llta well, nud tbu cylludtr h \ir\d la ihv 
hand, thU can Ic done vrllhoiit [iijnry. It b b«l(crto ifgblta tberittf by 
A bindiitg >cronr, fig. 5T@, m) that it may ba ramovcd and d«aikod iAfr 



Fig. n 
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VM. It h aclTuoblc, vrhcn tbc rlnjc u *crcwcd loirothor, to lay Bftd«r it »- 
fltrip of wircL ^auKV of equal width, to taoreiistf tL« poiuu of ooctatt. asA- 
tboa vantJ^U llo rluj^ aii^l tho ijiiji^t jiart of Iho ryUtid^r wiih ««olhi^-v«x, 
Tb« aiuao rftrnisilL xhonld be appUcd nbcn the ring I* drifca oa- 

Tho cFirbi^iL U dOEuetifn^i placed L& tho clay oolJ aLd Xhn tiao tnada tbv 
untjddfi olniiK'nt- Tn thiH ctit-s, rhn rsrhon U En tbn farm of ^txrai^^ 
cylindfr, with « copper ring drivtn on cat anL It » not nectMory lo 
^Id Lbifi ria; to intact il fh)m the aotiou of uKHu aold; aalomiloo widi 
wax Ik ■nfflc<1(fitt to prerant tbc ai'ld bc^hi^ drawn np, wllfaonl ffijovlng thr 
eouduuUag |]uwt*r of the cual A i^uia uf rarEiUh wIH pnttcct the Tuif 
fram acid accEdcnlly drcp|jod oa it. As the rLDn:) lira doatrajad by r^o- 
vtont a«D, lut tbcm be mailn lut they may, tho dmpU pattern vhon li fif^ 
57^ i« pruf^rnhlo (jii at^f-ouiit of ihi* tm^t with which Ih^ ran ba mfvvd. 

Il la not adriHablo lo camiect tho zjul* uf one vltmetxl (Ktmaneally v^ 
rho catboQ «r the nc^xt Thn roiilnct »h^>uld blwciy^ be mode liy bJadbi 
scrtvs, Hic form aE*eii in tig. 6T9 iu well adaptod for this purpocc. Tbj 
ftlit Iet Ih^ tlHp cnnneclMl with the tiJic alipti over the icrew, the liaad 
which prt^acs upon U. WhAn the carbon is oD the omtnd^, (be 
should be croDtmot«d at tbe aeok, id a* to oontain a condddrabk qi 
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of told wlULont exposing much eurTftfA. To obutlD tho maximum alTtoti 
l&e clAf rplU tnuAt At Into Thn rarhon ojllndort itn Hoftply qa possible^ 

Jto or the Torm t^f fig. 580 art; iiiodt: ipeoinll/ for BQni«n*4 battery. FFg. 



i\V. 57&. 
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>nm the dirortionfl givoD for tlic prepatAtLoa of th« cuIkid, ft will bo 

*^«i ibjit It Ik a t«i)ia(U( prorvuL It gcnf»r«]lf iv<iiitrr9 aomc prelfmhniy 

^Hal^ fur Ibe proporliou i>r ilia ruke tir ihtf bUumliiuni von\ ynnm mnntnh 

^^ io tho qiialJt; of the luUcr; if [I It too bitirindioaA, tLo c^lind-rr? cr^k 

^Uriog thu fint IicaUq^; if it U not bituminoun i:noiiKh, thoy oro l'>o 

6iA^k^ In llifi former casu. mure cokt^ mitut Im ukmI ; ia llie luli&t. I«6. 

Ourbon cf cciuaI dcurity nUo differs vcr? much Icr fleclrO'Diotl^e poner. 

It k, thorefort, beet tobny tbc'ttOC^flMcrnr utiIcitji n Inriic nombijr of ilicia » 

ivqnlr^. Tb<* best are madv by Deleul, in TBri*, and SlAbrar, m Leip«Tc. 

The former fcHa the wTiofi^ elemeut, Inr^ladin^ 1^1^^ *^I7 hesf/ sinr, 

poPCcUifl cell, & copper rb(c like fig, -5*^8. ftnd bludlni; ecrvwn, f-jr 4 frsDCi. 

Sifihnr niAkei tuor^ povrurftil ckmtiiiH for 2 tbAlura ((2 3&,) 

Tbp primn co«t of ihU baii^ry (b I«* tban lh«t of OroTe'* of er|nftl 
■trc»^ Tbc carbon otmorb** boirercr* a contldcroljlc quaatUy of iilulc 
odd. smcKnUai^ to j of Ibc whole, which i$ 1o«t in tlic iabtc4|uciit tockinff. 
Tb« you by contvnion ioto altrone ncid l« not more itian In OroTe^ 
hatlvry, Tbc income! itlrni^i^ fVom nllmrjx m-id Tnpon In fthmit ilto mmo 
ilk both, Sraukio^ tobacco* uid CApcdally ci^rs, partially obmtc« iLia 
iQcoaTeni«Q^9, 
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Wbcp the lMU«rj b und fre<taenlly at sliort ktcmb, it U an tdt 
t«e« 1<^ 1><L^* lb(' carbon on the oat^adc Tor tbu cUf orlimlvr* ntj 
bo r«mov^ and the c^rboo Uft aumliag In tlk9 actd, ooTvnd orit vriib 
plAl« or gloffi. s(> tltml jtolhlnfF l^^ lo»t b; aiwkln^r CMrtmB rccvQil; tookfd 
and dried ;iHd«. il i» true, a slron^r rorwol for iLc first tnifiaQL IjuI a 
lOOiD l^llft to itn ordinary farcv, T^i cibuin a f«obi«r currvat. vhich tball 
coutiiiue canKtoaL fur « lung tifni!, Bunv^n'^ bnllory ronj tw chargrd vitb 
salptturic AcId dllutnl to ^'^^ ot ^^t \u toIuKQO, In botb tlie line tvA the 
carl>D[i cell; thoR cborgvcj, tbo current will cotititiao ncorljr ttai 
four weekly 

[288] The zinc-Iron battpery,— nj« iJftiliia r>il in Gro» 

biniitioo tnttT he rcjiloced b_v sheet iron, protidcd tcnr niroDjc "iJ 
of tji«ciOi! graitty r4 be used. Tin piuto may ^Uo b* ibb«Uiat«9 A« 
Einc, and a alrong curntni i^biAlurii fviL^n wlib irnii hi ht)ih crllfi Ndt' 
nitbfltnnilicig the ease vith whicU batlcrics cnn bo eonitmcted in tbb *rar, 
lh«7 b4vo not come into aucli generui ueo a£ migh^ ba^c liMn eiptcui 
Thff dlHtciilly in ihnlr hm Ih, that <mr thiikI nolirp rnnictAntJT vhrthtr (k 
acid it >trop^ enough not tv nttock tUcs iruuj but dontig tJbe oclioD tl* 
acid U conatnully frrowfng w«ak«r. nnfil it rcftclics anoif>oot«dly thb peat 
irhcrv thft iron In viclonUy nttncked, nnd a d[>ad <4 nltroiw netd T^ord 
evulved. 

Bcsldca tUo bnturioa olrcndj mcirtloned. a nmltltnde of olbora tan* 
boen reoommendod, whidi, not baring found ttioir wuj into gtotitt W, 
mij b« pAGsed aver hi^rv. 

[280] Experiments on the tenaion of the pil&— A tok^ 
nblo dcmonetration of tho law that the tontion in(^n<iB«tf u lira nnnbtt of 
l^airt. ma)- hv flven by llio Aid of n delicate g^^ld'bar, or D«Ilinm^ 
Vflo^.'lromi^l^r, with only tf Ui )'2 pain. Tlu; plk u builL up ua UkIuiiI 
with Tuoiatcnijd bIottin;^<pupcr, and the projecting tot of thn oppcr pZak 
brought in ct^ntnct vHlb that pnrt of tiin ccindonMr wtkicli confUbi of Iki 
<dme meinl. By touchirjg luy paix of tb« p^^ wlih tb« fingen of iW 
ItUAi ou Vfhiclt h tra\ atAy th« plalo* abovo th« (inircr c»>nic ioAo plif 
Uj tntrcunng in thb way tbo number of pairs* Uic iot.'rcuod dHV 
ene» of th« cloQtrome(er la very «T]d«nt With n ivry MIcaM e\te- 
irnmrinr, not incirf> thnn H tn IS pairv tnati be iiAod, i?ti;(i vtlxn tk 
blotiiiig-pnpcT il moiatoncd witU aimple itaiivn. Wiih (mtft^botrd Ik 
pik-s would bu too biifb for thtfi proooN. With 4u I9 SO paim a d<1)ctft 
^irnv f Ir^.ronwt^r may 1hi ntcd. Zamboni*i pil« of lOOO pairs aflrcti >vl 
an i^ld'tri^EnclfTr nil bout n (\jnden>cr 

[aao] rhysiological effects of the galvanic cnrron 

^1) Tbo bliiiplc^i o^cpcncnont h to paa tbo carrenl tbruugb any 
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of the fiffth friilr of ni'j'TP-c, wlift^h fommanifntr wilti ilitt oplio uvrre. 
Ttie molt cikDTeiiicnt Qpparal&« b a c^upU of p)&te» of Aitic and roppvr, 
not mom Ihiin iin inch in <lEiU)iiTt«r> d^, bb^J, with haudlo^- TliD coppttr 
amy \io silvcivfl fnr Ihc «iktf of cWnlfa«x. Tlold fhr*-.' plnu** Sn llie 
nvuib betvrecD lU^ jahh jmii lEi4» cbtrvki^ to tbat Hliiii tliv muuih is rioted 
the hflftdlM will be in contact. At every conlict n faint tpark will bc^ 
tttMit ftfpeciftlJy mhtn the 0701 cto cloicd, 

(3) Tlje lAntfi pklea ma; be used 10 Ella«- ^v'y, '>b3. 

IrAlc ihc CQHoQft tute prodiic^c^ by pUcinR ibc 
toiQfftic betn«on ilifin vrtth Ibv hAudk^s m con- 

(3) Laj a coppor or ftllvor coIq on a pinto 
of xm, And oa tlb plocc n kccb. It «rfll bcidii 
to ctt^p, but ikJiv«j» rclrt-'Ut ajt icon mi it 

(4) A uugic pAir i« rjotsulHcicDl to produce 

tthoci» ill lti> tamun tEyakm, tbU rlTc^t dopCMl- 

ing dp"a 111© nnmb«r of pair*; l>nt with 10 or 

13 |Mjni a tdight In-iuor bi fdt, imd wilh 40 Xn 

GO pair» It bvcomce tctj Mptiblc, ceptdallj 

%rhen tbe pole* ftr9 tooobed with in«taJlbi 

bnodlpiy fl^- Ah3, bc'M In lh« hnnd'^, niatEtiMitd 

\rUh iLcidutaicd wrttitr. Thun? Iiuiitllu urv niuide of bbeet bruiv. and Ibc 

vin« (hovid po£8 ontlrdf thruujcb and bo soldtirod to both cuita, otho^ 

^t« thej vouQ break ot[. Th« r^lindon may bo J«rt opan nt both andv, 

noi) tbv wire ituldertd to the Me. With n Blruut' P^'^^ "^ ^*^ tu CO prnm. 

tbo cirtnit cannot be kept do8cd by thc^o haodU'A ; ih^ iviidiiii|t wbEvh 

Mune* » Boon a4 the circciit U closed, imnicdiiLlcIf brvnka it n^in. 

vrhm Ibe filiockft buve bvruin« nvtiktr, ku tbui (h« circuit coa be kept 

clotfod, <bc cuncnt prodaeei a lb|rlbi£ tcusaUon in the fm^crb ftod wrisU. 

If the wiroa from tbc polo* bo madv to Uarmbutc tn two Ijuaidb tiled with 

RcUolibted vaster, the cficuil tany bo completed by plnoglng lb» bande In 

lliMK. Tbc nirtiv Hboiild In this ruw torrilniLlt! In pintci 4 Inrbcfi K'^Tinn!, 

ti> iocrcMC tbc BurfAcc of cont^ct^ Tbc iihock Mt^iit paaa lhroa;h lEt^vpral 

pcnoDS, if th«7 bold ench otber witb wel bnnclK; bai It f> tbon rury much 

eafnrbt^ii 

[391] The spur wheel,— Tbu effect of quite fi?eblo abccks bccomte 
ifltolorablj ff reel wb«n iKoy lolJow t^ncb otimr tc quick laaocoMJon. Fof 
thit piirpo«fl tbn cirt.-iiit mn^t bo ritpidly duicd and broken. Tbiv run be 
■iceoiDpQihei] rury readily by countfctiug a map wtlb unu polv uikd drnwiiLg 



t^ 
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the othor tcrmiaal wire rapidlj octom it. Atj bod; loaerttd h 
cuTftm vr\li then reoelv^ aliocks In rapid taccMsioti, 

Th« Inumiptlonia mnj hi> prnita^cd vrtih man n*^aha\xy, nm! 
intcrvnl bctwcuii litem rirgubtcd ikt, pWaarxrc^ bj lueaus of tht app«l 
fig, 6St. It ccGsUu or on old clock irhofrl, tho jroa axi« of vtiieb nUi 




on twa brriM pchUi l^ie<J lu a iHiunl, willi one of wbiefa the vlndll 
ueckd. wLiilti Ut« ttjiriui^ b nLriliva u^abnt tike teHli. Afl otUn tf 
apiinfC pwttCA ft tooth the carrcQt ie bterrnptod. Tb« toctli da; t« 
uniLl^amntcd, to render the contact more ficrfect Th1« !• done bj fet^- 
tn^ >i U]l ot |r&per, luoi^t.vneil witli nitiriatlc- actil, ogaliHt ihfl leelh ^^^^ 
the whcol U rcToWfnf;, and then pAA^nff thtrm lhrnaR:h ft cnp of 

Necf'tf ftppftraloc for trio aimc ptirp.>9e Iiuh. inat^ftd of ibo c 
vh«e1. a cTrrlA nf lirtuH. InTo rhR cliriimfpivncif of itljlrh plfrra of boii 
or obonj arc in^nrtcd at rc|rular intervals la tlxin fiLvc. the 
need cot L&to bo ntur.'li ob»tLc force. This lijiparatuB i» free 
clicking eolna wbich th« othar niiikcf, bnl th« «prlng in upt to 
DelftllliT imTticluB av«T tli« nnrfiici; uf tlw wqwJ, tLad thai nuukr 
ooiidoctor. 

Zi^t^ Fbrsical oCTocte or tbo battery : sparks and 

rifle ofl^ts. — S^iftrk^ of itjipr^^Enhle leuglli eaii onlj: he ulHihiacd 
Tery powerful afipanilaa, hy inr]uction> The Kglit ci"olrcd is ir«Dcnl|j 
d br th^j i'omhoaii^n cF iho oudd <jf tho couiiudiop 
ly of the mercury wiih which they ore unal^aaiated- 
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pmdDr«f1 vheq Uie oiirr«Qt ii [iiu<rru[>tod Mro briUiant in pToportioa to 
%\\t length Ukd tblclLQ«H of lilt- uoiidut-liui^ wln-a. If a jiBLrt cirLfm cin^uit 
be loo tbin to ciiudtLct ILi<- cnrrctit* it bccomot heAie4, o*g(i fjUAod or 
irolaiiZh«d, Th<» InlenMtjr nf tKo be«l jfl proportionod to ttw tbmaoH 
mxxA shurtticu of tlin wire and tht? »1M of Ui« pl8il«B. A slugle ^Vl>MMU>Q^> 

clonicat of Ihv <lini«aflivD» iwi^ckJ It 

mffieioot lo ii^nTlo a wty tln4> plaLina 

ihovn ftt ;» p, in ISk- ^B6. When ih« 
ttip« i* very fine, ud not more thon 
J lo ^ Infh kif)(f, (t beeom^N refl hot 
u oficit u ihi; Hcinciil U iuiiui^rKd 
b Cho ftciiL Bf tbc method dci^ribod 
fn I SG4. Nc> 5, II tt euf to make Iron 
win QDn enr>itfft] to ba Ignltnl imd 
mdtttd iritli ftpr>u%tu> of inodoratv 
pov«f. To bom a vatijh'«prlp|; r«- 
tjniraa ■ more powerful bniiurj xhan b 

A tluct of irold or Biltvr loaf, hiinff likfl o Qui; on one or th« cIcclTodoB 
of ike \MXtTf 0Lnil msiloft part of the circuit, buna wiMi • hir^tllnnt Hgbt; 
If Ibc oliiDr dci'LroiU* l^A (i&ufil ovur Oki^ r<il1 IJkn a knlfi? ii biiTniiJi wnj 
for itMlf^ »o tbal tbr octn] maf thus tv cut into titrrp«. Ihc lame 
hfUtUnt c<:>Ti]hiiHi[o(i ii proiJui.'4>{l \\y i-ooTiecting ft llle with on« polo, ttnd 
drmwfnj^ ovrr It b line win* punm'^'liid w illi th« other ; the wim bnmn with 
• 6h<»wur or fiiiark& Tc ohtoin tbe bow of light bvtwtfoti cLarctinl pointzi 
reqnirM \% to ^1 f^ooii Karujon's ^lomonta of thn Wxt^ d*ftcrib«d. For ihiji 
pnrpoce, tnki! cyiftidrit-al plefrri, ^ ici | mi iitt^h tliEt^k uud S ici^'hey lurg, 
pointful M one «L]d, fiud utmle eitber of Ihu Mine niateHnl lu the cikrljou 
eloDunta, or of cokf. ChAn^ool doCA not conduct well cnouc^li, and run, 
1li«tvr<>re, oolj be uecmI wifb very powitrful iwtterSen.* CftrLiouBoeoux 
d«|H>«il« %Ti' fiKiiid idhifriii;^ in ihi? iri^n i^u n]-torl«, which nre ext['r>inii]^ 
denie und rcr| eiuiloklc for thU purpt/Kc The pole wlrcA Jihoald bo 
wrapped arouAd ibem severul ilraee to Increase thfl surface of f^ontaot, 
and the polntH of the ronl tTien Lruitght l4»gL'thrr. With n bntterr of tO 
or 50 pairi» tho cvi^uLi puinlf m»T br druwu upnrt. nfti^r thcj bpC'^mc red 
bol, to th« dUlu>c« of \ mch, jhnd iin arch of ligbt of daKKling hri^hinvts 
eliUiinrd^ Pointed wUea coated with snot glre a hrilllflnl light when 
tfao cinntt b closed. 



rnYsiciL orKnniBN7ATio5. 



«xpcnmoni, nnd tho inlliioncQ of the taajpiet on Uio arch should il*o 
exhibited, a staml liko fig. 5S6 Is vet7 i<onT(;Di«nt. Tvo rtotrt m«Ul 
llied ill n ffoDilen hMe cany enoli « couple v( i*l\dhts diim|iK Tlkit 
da^^ttnfT vircsi nrc fiiicd in two of th«9C, <t i, sitd th« c««l pO^Dla* 
Ui«ir wiru«, iu IZio olh«r Iwu. Tli« wir«0 Lo bo mvllcd niftj be bald ia 

Fr^. £86. 





P 



utmt way, tho cUmpa liHng rery coiifenE*fit^ wpwlnlly for lerr ftnf* 
vlrv«; wlikli ait'si't If.i ali^Kiut <if tbt* liirnTitKiiprewj, Th* carifim pninlj* 
fnaj 1>(^ fixr>d at the proper di:Aancc, luid a Lcjdun j&T <tiM>iBri^4 throagts 
them to ainrl th« currvct, wblcli will thee «ontinii«< A tp^cinl ttipporA | 
for this *3tpprlment Is Bhnwn In Hg. fihT. The I'tinl in Wd in meUlIte 
tnhcB, mill ibc upjicr rod •Ucirs in Us Bockct. The niiddly pari cj^ ib^^ 
eotitnn in modr of ^Ijiiia. ^^| 

[393] BlfiBtlng by galTaDism. — Chte liolh *ndii of % fnu^^* 
l^ltuu u\\>v niib Koiind c;cirkj^, Tkr.iLi^h lui' rif tIif?M IhniAt lie bare ^^ 
of lwi> *el!-in8uTotcd rri^|T|>tT Avircs, wo thac tliry will projcpt ofannt J ctBti — 
tn»t«r witlim, and tw ns far tpart fti poKiibl^; fompe them ^^It-ar uncS 
ftmnrct them by n nn<<. brij^ht froii v!re. Cetnenl ttio cork tightly io 
till- tube, am], after ^\)\ag it with c'nnpowd^, cork np ihfi other cod ^^^^^M 
and <?cmoQt it, Tio th^^ itiHututcd wire^ t^^tUor, vre^p ihein ftg»hi vtt^H 
■ilk US far cl« they nre to he immi^riiefl tn wnlnr, and TiimUh thnm <}mr- 
Thcte prepsrfttbns must tic tnadc pomc vreckji hcfon ibf experJoi«at» 
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aXIov tfco Tonuih tino to dry, I.pjt tbo cartridge In r tub filToHJ viih vftttr, 
cOTDT it with tt liuani, and frma il ufr dlsiuKnt juuh ttiruti^U thi; eundiiuti 
ioff wires a carr^ut Huffitit'iit Lo mclb tbc buiuli trurj wfrtr Th« e^cporf- 
neot alionTd bo made out at daon : the tab it f^oocrnUj^ burst open. 

[294] Production of cold by the galvauic current.— 
SoMcff togtthor a bar of IjltmutL Aud a. ht.T of iiuLrr[koriy-gbni.-«> ciicli from 
3 to 4 M|iian fine*, in traiLtTcrso section, bo a^ to r«>mi onv f^outinuoaR 
bftr, utd send a curreDi thri>i3^h Uiom; a redaction of lein[i&ratur« \f\\i\ 
xnkc pitaco al lh« Joint when Ih^ rur^'nt ^nea fVoDi tit? biiLUiLttb to ibv 
antickOPjr'Bl^acc. nni] a riM wbcn it ^Msea iht other WftjT' 1*1^^ ^'^'^ ""^^^ 
a Uiort eopp^r wire* rft«teue(l t'> 4>a4?b, iQii«t be Inaon^ in a glo^ bQ]b. 1 
to l^indm m [riamitdr, vitit n lung n<u-k, like H^ ^ML In iolilcHng 
c4>pii«r to tZioe ban, tl nLirat firsit b« tinned. TIiq cementing ni&jr be 
flone bjfnrC|QCnt applkationn of ttuck eolntion of RQAlin2-wax,iis thn ban 
(?funtot bt indc bot onoufjb ta mdt ^^tding-wiLx. riniJtcr of Pam is too^ 
|.»<iroQ0 fur tlicr purycni?- Dip tbr* vjid uf tb« tube » lu u }t,\a*a of L'ulored 
w*icp, Aci] warm tbe bolb 6 with ibc hnni, so •» t<> pxi>cI some of the air 
Afvl otlov th« liquid to ris« in tbc tube. Murk ibo beigbt to uhicb it 
ri^ew bf a thrvQ»], aud fHsri-n i1i« 8|)]>i>r»Liii8 lo au uprlgbt alaTid. ^eiid a 
bj nnQS or ft ix>Io-cbiLDgBrj aiMmatcIf In oppo»Eto dlrvctiont 

Fiif. 58fl. 





IhroTi^b thn bMK, uid tbo thcrni omolor wilT tmiirnic rnpid vliniLjrflj: in th* 
ranoperntofLV A *Lfong eurroni produci.- nr il-'^nnHn if r- mjn^returo In, 
direction. A biu^du Wull«atLju'« dt-iuuni is ic(> cu^i^eLiuut for 
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ifalft oip<*rtrin*r;t, a.* ihc qtmnllry of Eiqutil H Ihe ^au ciibh be fnrrea^ or 
^niLbIali<?d 60 MA lu oblaiu a curreut uf BaStaLlo fttronKth, wilboul diftntt- 
in^ Llie ajtpnmliiA, An f^rtjiErary ncftlc tovf be atUichcd Ut Ihc tnW, vfakW 
luuttt bti eo nrriui^'d that it oun bt lub«u QUI auil emptied of \h^ Liquids 

[256] Chemical effects of the battcry.'-/>«r»w»p'?*iii^»/^ 
waf^r. A v*-ty Biiijpk< ikpparHitie for Xhis j^urpoM is r^preMiMd In Aff* 
590, Boiv twci tmuEl holen in ihL> LuiLinm nf >n orditinr; wlntgliMi «ill» 
ft ftt«d (IriU ftniJ 0pirUs of turptnUae; dotw tl^rin witb ^oodcorkv, ^mI 
lliruGt plfltiijA wlrM tbrough X\x& cc^rlu. Tni&t a w4r« itround %^*o »tUD of 
llib gliui And bond the two ends Intu hvoki aborts, opon vbU-h hajig tvo 
flaaa itibt^ii dvi«d nt cue eud, at Aucb jl beigll thai Uie ends <il Lb«> 



Fig. 6S0. 




plfttmft irirvi vill prcjoet about 2 Hoc* wittim tlwm- Tbe wiretlfcov 
be ooT^md ifltb aeiling-uu a£ fur Aa ih4 bottom of tbo Inbti. Onlj^ 
pro|f!rliT){f piiriicm nf Ibv wlr^ nr^Lt Im pIaIIciel. tbo rcit mmj ht ofDOjifflC 
Fig. £91 trl>t1:^^ElU nnottitr trfm uf lUo ftppanUus. Take ft g;k» ftu>rf 
ftud cut olT ih« tuW, except aboul oc iocb | clo» tbo lowor tJid *itk* 
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good GVtk (IPMrUi) frcim khovK) lli rcin^)] irliu^li two plutin& wir^s Lanuiu- 
•tifi^ fn ifips i>r foil arc pafB«d. ami cavor the cork ^vith nicUcd wax 
SoM«r copficr virtt. 1<? lb<r pbtina on the oatnidv, and moaat tfco rnnnet 
nnd InTw* on a womlen kIuhL 

Put fli^'bLlj ttciflulblvd waler la the j^Ium. unj Gil Iliv luW with the 
9W»t, The tnbpi »tti>~i<jM he of (he finmc diami^tcT, Xo eboiT the difcrcaoe 
In th« qiuntilT of tlie piucTi irvoUvd. 

The p«4M may ho <thialiie(1 in gTe<al«r fjanntltj hy noivnn of tbfr ilmple 
■P]4MUin. flfC- ^^^- l^lk^ tr1*fJi Inhc in » p i» 4 to G liii<^ m dtamctrr 
Tltt eorbv, thv plutiaA witvb <? ti» and ib« tubus a ft must bi* iancricti uif 

FVfj. 503. 



/Ti'j. 5fta 





P'lCT^t- The wlfM end in ?hp« of plflUna Toil i\/, (which nr* 
'■'^Uifcf trpnrlm^nu,) rrncMng nenrlr lo ihf* bend of the tubc. 

** 6 ate connected bj Indiji'inhbrr with (\^. S94. 

^^M loodfag to a «maH pni^umotic 

^*<mgh, whor* iha gu«t tt>y N roUertod. 
I "^c plntin* fciit l]j inrcrnJiHK ^'>'' "urrnri* 
I '^Sftkw tbo cun^aE stronger. P'i?. 693 
■'*j!rp»m»l* ft con»flni4int eapport for Ih^ 

The ftppunulia iu ft^. 594 delivt-rv bi^ib 
RBict together. It coTi»l«t« of % wtdc- 
lAontbfrd gliit JKt doted with A cork, 
ihroQftj wblcli T.«<i liiHiiliiU'd cc^irjr^^r 
nim ni^ inacrtcd. The wirrj may i-iiln r 
bC^ttlMl t^'Jtb H<Mllmg VAX or Idi^IomiI tii 
gl»S» tnbM- PlnitniL plHifs nre Anld^^rrd 
to ikt*6 wins, And tbc gnu tM dcUvoncd 



noed^ Tor 
TliiT tnbrtA 
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by A bent fr1a.&« tube It ift more conrciiicnt when Ibb tubft li«i & Icj 
ji>int of lihliB'fubHor Th« )ow(>r bidi> of ilie ovTt mA the Clipper 
*TO f oatfld with n>ftllri|f.wrtji. rtni\ iJifl pUt<* iilacpil very near web 
Tbo e]us In filkd vitb nlif^btly aciiiuUUd \va,itT. It m betlcf to bftit 
nirOA of plfttfn* soldflred to tb« plates with gold, snd <>o&B«ebid att 
th^rh fnp^mr wErnii on iTic niiljiUIr ; far the lactrr nn ftUnH»d by tht mH 
in »pitc of tlio coaling of Aeallit^^-wAX, In tbcm exp«niaeiita, froa Bl» 
1^ oienv^ate nro r<jqairfid to ohttua iho giu in abandanc«, for ib* wMr 
oppoii-i IX grcni reitislftnirp, althoti^j dcf^ompofUlciL bpg1«i villi tvm 
ihmtj ur fuur t^tpiut eiI& The gUA may he led dir«~tl/ iuli> aiNi|j-«udi. ud 
tho babbles ignitod tut tooa w the; ha.rc dciA^^hcd tSemtclr^ from ^t 
tube, Tbc uxploiili^n it eltr&ys Mbarper ihm ibut of th« urtfficiol mlituv, 
bwAuse Ibe g«8€« are pur« nod la e\actT; rfgljt proportions. Wbni d* 
qufflntnj of ffu iji to be TnoaAarf'd. tho pktlnji p]«U« tout bc COVM^ 
bc'Eieuth tlio uurfftCQ uf thi- tiqutd, f^^jr thcv would uib^riHM cvue «pknU 
ronnlon of rbn ivn gnnoA, For ihln piirpoap, ih? ftppnninR rna^ b* miHt 
iQ tho form of Sg^ 505, iu wbkh tho comlucting wire* poM throtfb i 



J'\S- &e&- 




cooled well with fcolii.i; .v:iv, i,M r Ahidi *taTi(U a Ulllc bc^^ffbA 
viih ft j^%ii tube puasiug ibrcugb it4 tubulm^ If no extctlj Mtkoblv iW 
is nt UiLiid, ll In Wtter lo bort.' ivvn hol?t< Id ibe liolincc of a iflws «j1Til^i 
mid poM ihc wircfl through thpM hole* and the upper port of tbt bc»iH 
to tho binding sen wtL Tho bubbKoi must D0?erbttlgDH«4vheailtfdh| 
liniii«idlaUly ovpr ibc rikonth nf th<i tnbii. ftbtft tho oipJodilon vfllblc<i|^j 
EDunttDtcd to tbc iaterii>r of tbo generator; tbvj should olwajv U 4H 
dmwii to iho Bido of tbo Toe§el 

Iron pUtOA may h« i;nb«titi:iod for i>1atfiiar and plained (a a oolotion ^ 
1 purl bv hLN^bl of [muBtri: potBbL to 9 parla uf wjUi:r^ Tbe plalM bV 
bc coiled ap into a spiral, no u to incrvon; thoir tntfoce ferj tmcl,^ 




PTTTBIOAL EX1*BMM1!'»TA1't*W. 



813 



feNn ihc qtinnlilv nf wiUrr ilcconipoird- SpiriU i>f lur- 

erlhc lolotioa ofpoUwb will pre^enl apolUiriuj;, Th\a 

ig«ia«01tl&ot prererttMeto pUciDn Tor luefLgiirementSH WUh plntiaa 

eleclnHlfK, the nrHnljilnl wntrr miiM hp free fr<jni *fllt» of xitur, <iUti-rvrhB 

tili9 twirniire p^^li- will )>?c.'4>[itt cotiU'4 vrrth llook lui^LaltJj.' xiui:, kdiI tbo 

evolQli^D of ^^F vfi\] cojun At iMh poLc^. 

[»9«J KxploBlon Of ciilorido of nitrogen.— when ibe pniM 

of a BllUftUj'H tmlLvtjr uf G tu S |>u]rs iirv ttriiupclei] vilb pUUiiik plalex 

liu»nc4 in ft very ^tronf: »it!atIori of 8ul arrKnoiLiac, chloride of iiEfroicfu 
i« fbrmMl At the poaEtrve pule. If ll* noIuEton U' eovurcd with Kpiriu of 
tarpeoUnc, ibe Utile yvllovr dropri uf j-b1orMt- uf nElrcgi-n vipttMle vtiry 
^lavpl/ AS »Qori M they come in coutoct wll}] 1U Tli« ex}i«rtiikont suci-eedA 
l>«(t«r whi>Ti th« h*iM IB warmtd- 

[^07] DecompoBition of saltt.— Tho Kimplt^ti mode of per- 
forming lioe cJtpcrimcDtA 

i« lo uh« A bant g]afi^ tube, n;7. fkV5, 

AQch Bi bi rf'prvH^DlRd in 
GJ^ 3J6. lud iill it ivitU n 
"oJotion of lomc nootral 
*«lt, culor«d with Libniu. 
Iti«crt ft jrlatloft 0lectrod« 
^ a Irottcrr, oTS to G p«if^ 
*^ Oocb eud «r the lube. 
*h^ «AliitIpon wil! he pc>U*rpd 
■^ At ihfl jwaitiTH pole, 
^<^4 bt«« bt tho niTjiatiTfii 
^y reTening lh# pule* tb* 
*<>lori will nl^u bu rt-vt-rsfd. 

[a*ft] Electro- metSLllurgy. — a modtliPftHon of BocquQrt^l'd 

'>^lt«ry» tig^ 59T, i^ very conv^rilent for sirtnll gnlvanoplnHlic opcmtiotii: 

*^ ^ « MLiidr J«r wllb ibe bottom cut uET; 

til mooth 11 cloflipd by n \>kcv of betf'fl 

^ bogli bladdor. tind a ahe^t of Kknc lo 

VmngM! ui to tyrt rn thn thnuliTrr Juki 

Orrr Ibc thidilvr, but not iu coiiUu^t wiib 

it It b ftdvisablc to wrup iho itini^i in » 

llloth, otbvrviM tbo falling paniclon of 

aliic win Indaen n lU'poHU tti I'nppvr on 

Ibc blftddcT bcucath thrm. Support th« 

g]M8 lo tlio enter vo««d on ji wiro tripod, 

|«ftring ft «pftco of i or 9 \T\chv% Mow tUp 
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rUTSlCAL EXrKRUlRrn'ATiO!? 



VilBdilor Thl« support U mjdle by «1mp1j IwIalId^ tiro vim u>geUier, 
III C|r ^^H- Atdpod ofgU^a. n^. 51^'J. pIftceilU:xii»ihiiiBJar,b,loNaic 
mpcscrU. better A Mont copper wir« or ribbon is «otd«it<l to the dike, 
■od tl'tpi t»1o ^ cnp of meroorj ^. nnd Trom iMfl B cMoQd win gosi to 
mould, vlilcfa tIcK oil tlis tMitTom of tlic Teuvl wid fiirmii tW 
demctit of the btttiery. Those parta of ibe wire wfaach dip into 
liquid ar« vfflfnUbed ovor^ Tlio meortion cf thft raerour; ocp Dtti«t 
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Cftflter lo inkc tho »ppQrflln8 nparl, which h froqnwtlr nircotMtfy. Whu 
thn hkihIlI in hnrd^ the conttmin^ wlr« Is mrrHv Iniit on \i - If the monM U 
tiufl, it is tbriifil inlo iu nidc Aa ilie copper is depoaitml uioit n\ii^ 
where tho wire rcsla, its pooilion AhouM ^>o ohnnir^d froqocntl; when ikt 
mouW ciGired* I inch in dinmctorf or tvo wirt*ii b^ uuei). Th« vSmiVJ 
alau be iJai^eJ vi^rtic-iillf in iu i<tl1. iind ihf^ njiiilirrting; nlre rsvtenrd Mil 
bjf A bindini^ wrrc^w, a* <ccn in seclioa in fliE- f 00, 

Fasiblo mcUl, m&dv or 3 portA of biiematb, B of Joad, find :{ of tin, 
tw iitrd for inking thn fiuti!; iliough ihrT nrfl ((nTinrtllf nuiA of 
mixed wilh J of pliuilcr, or of RtenHn, The oriffioal most bt wtil ctM>l'> 
and ft rim of pitpcr, ^ inch bi|;b, tied or pfta(«d iir>nod it iJiiftthhf 
trpnn tho moult] Jnitl t^fort^ pouring in thn wnx, which moM not bstM 
hoi, fiwiliUite!! UiH n^tuoraJ of thu l'iul A thin filiu uf ^resM »»»"' 
the 0UXIO purpoAc. The mouJd Hhr>iild ho hlijfhlty wnrmf^, >o that lb« 
muEi wil] iitrt harden tl once. Pliuili^r <:tniU at rrry hard to oof?; iW 
Hlumld hif hiM In a [lUre with waii-r, ami Ibe makrials pound ortt lAca 
a» 50011 <u Ihc ^tntcr prncirntcs to th^ Jiarfncc. 

To rt-odur a xrajt moulil voDdutrtJiLfi;, brunh it over vitb pTC!Ciptlsl><^ 
mornllir rJItpt, nr ttuplv levlgftTPiJ graphite, wltli a bnJr |wn«l). matinf * 
atreuk alno down thu Kidc. whore tho rondoctinif vJrc Iv tnAvried- W 
n tirn of aboemak^'A-wns nround the monld. ao that Ihc dcpcmt ofcopf 
may not onwp ovor ihA »diro. which maht>ff Et dtrQculi lo dvtm^ -^ 
ni]itur« of SO partH at ^Ilih und 2 purut xup^Etr, Mind with rtcy ftl^ 
water, forms fin clastic ma^y like that uacd fijr pri&terS rolkn; w**- 
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wroQg:hl ohjM'tE 0*11 b9 nopi^i with thin mnlnrinl An addilloD of a 
iJe liaicFoil oil I* snH to ri'UiUr ii ilumlilif in iJia ifftlvatiic Uiilu OuUu- 
^rclra, jjmitiil i^Trr tlic hi^blrd Lioitel fti n tIcit. u1f(<j mtibfa j^ood moulds 
Tbo tcoul a, (ig- Mn, U ^Ikd ntlii a fii^Uuan of uulphato of ovpper, 
tvh itt kept lotontptl, uhI 6 witli very dilute lulptiurli; ■triiJ (J^ to .^g.) 
order lu bv tiure of HUireM, lliu julutiuci of c->p|wr uiual Ut^ frco fVoia 
At^Thich it will not be iT it liitA once been ujind fi^r Daniciri: Imttcr^. 
To r*iider thv uopprr lun^b. add 5 10 10 per cvnu or oU i>f viiHoL io tbo 
fohitlcin. Tli« ropjwf ivill li^ (lik'k eiiuu^li li> Lie rymoved En IS lu 24 
boariw Kcmorf: ihe hhocinnkisrVwax flrnl. And taLiie the cop; Httoiglit up 
Xh a knifv bliidu, vhJb tliL^ racmJd ]h hi'ld in tlii- uthcr baod- 
Wlipn nnj oiber hn[L^rj in iiRfi for gaWnnoplnsilr fipvrfltfonpi^ ronni^t'i 
modd with tlic nc^atiTc pole, and the puiitirc (njIc with a copjicr 
MLDio Bi^i; Ai tbu moaldp pjacfd parallel, half an trit^b Trom JL 
re currviiT f>»4H«H Ihroiif^li 1^o liquKl cloniffnt from iho imo ti> 
|}ic ftippef. niid out nf ibn llqnld frtim ropprr ta xlav ; the Rnpprr i-ihI »>, 
Ibenfore. the poaitjrc. ^Lod thu kiul- tbu nt^atiro pule 'l l^or largvr 
atdoelfl the batt«r; ia o«od diructly, and n stfoa^^r a^Icua] uenihTan^ mb- 
dftntefl for blmltTrr. 

[t993 Gilding and silvering. — Orneroi remark^.* Amunic 
Ihc many methods propo^rl for tho jtrcdpitalictn of ffoM, cic., hj irnlvan- 
iflin, th« dtGompOBitS<:t» of tli« <^yariUcti itt ibc husL fur our purpotoi^ Tht^ 
tifff^t billrrv Is DanlvU'H. hfratiKO \i cmu tw iiri«d In uii; Htluatliit>. atid 
jileldc a tnorc constant current thnn any other II con bo ^tvH without 
iatvrraptioii Tcr week^ rvquirin^ only lt« ut^uEuiooal addttii^iL of a little 
fPMh arid, and nit rntlri^ rj<ni»wRl of ihp flnme »vi>ry 4 or fi dny* With 
nuriipr*'* cr (JroTc's baiicrj, nilphcirir nod niinr luidfl, riiluu^d with ten 
c? theJr weijj;bi uf wutvr wdl pruduL^u u Bu]Ui.'[(!iLtly strong L-om*at. 
technical purposes It U nildtiLhlp to inn^n a gakvanomol^r, <yjnBlfllJnf| 
nfu viniptif }cUip rjf nipjMT, Iwiil iit tl^ht Jtiitclf^ iii i^bi? iiiiddlr iiT which n 
acfdlc u aajspcodi^d- A allt is made in the uppiT part of tbe ntripp in 
onler to Judge of the pr<>por ponHtoit of tb4> iimtramoat hel'i^re cloHJiig thr 
rrnft, Tho iiccdb (nay he n pK^co i>f khjiiL knittiiig*iiv»!dle Kiiffirrided 
Hilk Eltrrr (3 lo it fold) tu ibfl muiJu«T iuJitaltd iu fiy;^ lOJ aud (lOS^ 
An Mtatic ae^dlo arraiijcod as in li^- A03 v-oald hn bc-ttrr, bcraajK; tho 
currect ia k'Mv. A fuw cipurSmvuta wiH detiTuiijie how tutu'Ii pM U 
piTveipltaUd fn an hoar, wllh larinns dedcctloii* of llie iivih11'.\ iirid the 



This tul^tci !■ iiwuflfl hari oalj^ *a ftp a* It U iMBfkil >a phf vtokl IbMraMln, «r 
hjr h* rt<|Uir6d ia ffildinr p&H* ijf apponuiu. vlrhouc regard l« vhcthot ihe prv' 
ba Ui« cTiMpcH ur ilie 1»eti vti ■ Ivgv unlc |iri»vMcJ it be ■luiiilv niid cfrialO' 
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qOA&tlt; cf tho other mctalu coa be ralculnUxi from thb. TbU faniishci 
ail o|»pri>xixaau me«uare of tbo qqjmUty of gold d«p04itaJ au U17 oI^mI, 



j^. 601. 
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vhlcli br Tf rj roTiToiVont oron for the ftinjUour l<1)f CO-I r«pr«A«nti 
a by TArni&bod w3od. 
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Tho mltirlon* of the ineiftl«. eiofpt ivIntJfium, ^re prepared Ljr gtlria 
ngCRCy, bj lolderinff lo ;ho pofthiTc polf a pUlo of pim gM. tuUer. 

iper; and to tM ae^tit«, a slip of pUiitia fuiL The oHinstr ipj 
ai]v«r oolnfl aro not pur« vnoa^b for ilit* porpcfM. l^ire copjicr 
bv oblAln«d b^ galvnnic prt^L'ipUaLifJii, ktr tlifl ropjicr cf rocnnitiin U a 
ntvnjB pure vnoa^b- Pa*v tlie prfcipiUtcd copper under borax, Ia a 
HueUn «Tncil>]<*- ]niTn«rt« tlie c]ootro<1«« Lu a solution of i^puuJc ol 
potniuiuEti In iliKllUtid wntnr, nnlll tho metal dlNnoWod from tbo posilf 
electr^Kk- bcgin4 Lo l« Ocpualtcd nl lliv ii^KKtlvi* pole. In jirfrpviDi: 
iUv(^r Aohitioiij tho noici^UTc oteclrode maet bo jjri>Id. Tho Bolutions of 
DMiallio f^yuiiidifi can bt kept nnL^banK^'d ia 0I0MI7 Ktoppofod bottlei^ b 

the CjWiUk uf pitlaHiuiu dei'om|)iisi^rL 

All tbo ixrtkiM to be plated luiiAt b« olonuvd, tni vith lfe> Uwn Hitb 
Uiluie lAuEphLinc m^id. ar loot uiid dilute nitrle acitl, ftitd £iia11/ iriib cto$m 
of tBitar and u Kiir bru»b. Tltt-)- vliudid ihi.'Ti l>t untied nlT with pore 
wftiieT, luul ploccd iiiitQvd)uU-lj^ iu ibi; bulb, uud tbv L'b^uiL vkiised, Tb< 
podllfe pole la ionrlcd m the liquid tir^t, aad then the Dc^tlrc poU v£lh 
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:> t>« piftlei], TIlc w[ic« ftbouTd be bcDt «o lh4t on« w'i\[ be 
ilh the object, niid Ibo plate conticctcii witti ih* uthor pixrulJ^! 
to Iti^ ^am«. 

Too luuoti carei caimoi bo tAk^n to [itctriiI llic ftmnlfraniutjflu of tlko 
•rtlde* bj ntcrcorj. The leant trocc of it on tbo Uctudd will dpreaij oitr 
the dtiau inelanie surracoe. Tliv morouiy e4n be driven oET b^ hMt^ bat 
It U njtf ti) leAfe lipoid, In Arran^n^ Ihp liAllnry^, ihr opr^mixir Lhonld 
wcAr glofw. fill iccouDt of t])e nmntgumatctl uiic, or cleiuiio tbe boadi 
tboroQIfhlj allenruda. 

TiMdMoiDjMMillgCvUthoQid. irpojiftlblp, b« maiJoofgliUBor porcvlftin; 
but, to ftTdd the irftcoutEljr of lua mudi lir|aii1, oiio will un«ii have la aw 
Btoceirirp. 

The uiapemtnro of ibo bftth in not indifforvnti the operation dooH 
heit At ft tcm{ianiEQT« of IS* to UO' F-, Ihfiugh H Mcicci*vdfl beta«eu *iO* 

^■A p4ft of tha rootol U dwik^ dcpOAitcd in ibc form of povdor or of ■ 
^WcnlAT crytlfth; a« «ood, therefore, ai tbo ATticlen ooiue to exhibit a 
brigbl luetallft' luFii«r, \hvy should be takiin out. ftnil wa^bei] witEi vtbtt-r 
and cicuied with ori-ant of tariiir Tlic poi«otioa» notorc of tbe solution 
of cjofiidGit moflt oernr be forj^otlcti urbile hitndtiiLi; tUo ut^iclcA. Thii 
|islT«rul«r]t di<]iov!( mny be psriinlly prevented by o<^o»foitnl addHiucK of 
Gjanidn i>f {lOliLnKEinuof whirh fhci irolttlion whoiilrl always rufiiHfd aii «i4'l-*9I. H 

Tbe etirrent maftt ncrer be AtrooR ccvouj^Ei to ctMM tlic fonaatloQ of ^ 
bnbbZet of g«8 ou tLe eurfice of tbe electrodo. Feeble carrent* produce 
fnfWT []niff>rni dppniahp^ rnd n'r|i]irn Irss frr-qn**!!! rlpanirg. The f<^re1^glh 
of the carfcnt can be controltrd couipielcly. urithin tlio llmU» required, by 
^uimerfiiiift tbo f^ubltiie electrode U) a Kr^alor or letns depth) or cban^uir 
lU dirtanof* from tlio <>bjp^i tn Jic plaiod, 

[300] Spocial manfigonient of tlio Molutions. — Oihtinij 
and tfitvtrin*/^ la addilLrro to vvlmt bbri ulrc^ady bi^^'ii said, it aboTtld be 
remarltcd thnt lh»«o </p(iralion» naocced hi^st v\ih a iinglo element; and 
thftt it ni Ji(l not he fcoppfwed that nn irliele is ^Ideri «jg *oon ns Si boenmc* 
yeHov. Tb[d i^rrur Laa cuutribuEed mucb to bnii)j eteclra'phttixif luto 
discredit. It is, llipr^r^r^, very dc*irjiUc to know how mncb jfM la pre- 
efpftited iuan hoiarwilb aCdireniof j^irsuaireugtb; for, ftceordicgtotbe 
Inmtiiftttjoiib irf DumsB, (^re-jj:i]t article!] buve 23 tu 13(> lUjiUg^rncnrabii oF 
jcold OD 6(^ fiqa«rc cci)tlmclcr», ThU docj^ not amount to 9 dolUrs on a 
»quar« foot, nltlioup^h p'iliiert iprak of 3 doUar* to thi* f(tUftfo foot; but 
by til? l^ulvHnk pmcesn. it U e^ifT to d^poNit i dollun ic Ibe foot, Tbe 
aitklee ws, however, dull and must bo buriJ^bixl. 
An object to be thiekly irilded mart bo talcen out as aoen afl it bf'^ns 
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Ur he dull or bromir lad nAb«d with ft irtr« bntih or k ntlff tooth-bnid^^ 
ctconi^jl vitb ovna i^T tattor, and ngMn imtQ«riBeil, 'Di* Mm« pro«*fli 
iDOtt 1»« rapenterl iinf il ib« gold beeon** l^ick i?noogh \Vh«n Dm ffUdlr^ 
4ofA not rtforrt^il veil, or l^^mvM upottcd or palt jeJJow. Uie article muat — 
he rlcnticcl, ati^^I a lump or cyacHc of potoMium addfd to tkc ac^ntloa|H 
n <li:vp-^ellov eolor c<utn«t be prodiio^d wulmat an vi^occ of cjt!ii4e of 
p'^tjiuhim. WHrii It In dritlnililn lo gild mcirc miii-Slj, n curmit AUotig 
cQmigh to pruilace & c!opiouji evolution of gv ma; be twoJ, and Iht object 
ftlbft^ to bi?i^on:i<i tcry lirovn, Aftf^r rcmovnl fr4>m tho b*Ui it ii ri>' 
hm with ihe Cfi(r*>f, or wUb fme htmn. wKi tbcn wiib iht wire hm 
If tlu< browuiu^ bo uot turriMt u>o fur. ibe fiatfu will kLoiv nu Lrac« 
poki. niid CTon the icnklinir bruAli will dctocb r^rr \Mt. la ^nc 
in vbicb I pn<uipitateJ 1 tnUli^rHmma of gold upon L vqnars ceDtima' 
rcTj nipiiily. 1 fijiind, after uoing tbe bnish. aDanwIj |\ lett fold; bot 
with twice aft thick a coat ih« Iidgii vai crrloroi], nad. alter bnsbbg, I 
toat /j lb /)< ThQ procipltaiion in vorr nueb aided by tbc addition of 
Ttry small qnantTty, not ot«r gp^p^j, of aolphldo of carliov 1o dw nKall 
bitfa a* odvn on It iv tuwil. 

A very iiinpk appamtcu far irj]<ii»;? f^nd iflh«rias !s made faj oattiaK 
oirtho hottOTnofavidf^-montJivd pliialand tyinga IjtftdderoT«rtli« raoiitk. 
Iti ihEn in pIiLiti-il iL picii! r}f Ktnr, to v-^ikh b sililflml a itri]) of oopfw, 
T'V^. SOA "h>^li is ur\«rvArdi bt^ot aa in flg. 005, 3i> that tbc apiral «nl! 

Ifliaml J to t inrfi fn^m tho bladdft. Tli>T Mrip iR rofttad vltb 
widfiig-waif np lo ih« icpiral- By nDppnnfng tbo pbial on a vrifv, 
a§ »ucu in t^. 598^ In u niiiull tiiiiiUcrr. nit! tiblahi a ballTry fur 
clt^ctrO'f^diTiK^ This bikllcry i:i vh^rf^tcl ^ith frc^sh aolulioa oF 
cjiLi'ldo of poiajtsmni in ihti zin« evil, ami tb« (foM or cJUer 
Miltit!on in tlin mifi^r fvW. The obJA'tA to bri Ktit am laid on 
tbi; spiral, whrrh in aho caaVed, but the;' must be tttintd once. 
*rbiH UattL-ry norku iprj poivcrrolly. (JclJ must bo added to Uio vol 
wht^Ti It hp^mfoi tno p*jor, 

FraniirjMlpin'm procrMt. In tbti prunvK a brui irtr«L (q whicll 
of Kinc iji r&4t<>Q0d, fn wound looooly around IIil^ objtrt. or. infst«ad of 
wiro, a %h\n, narrov xirlp of t\o<7. and th« w^hnlo plnood in n gold or 4itv«f 
bath, vrarniud lo about Ifit* F- Tim Imlh icinniiiia. v^nrdin^ to Prank- 
oait«in. of ) part chloride of jrold, 4 carbonate ^f poUiah, C fcrrocyanide 
of potaidnin, and 10 vator, hoilrd lojt<ilb«r for t tn J of an hocr nod 
decantML InMcniJ of Ibk KoltJtfrm, the orrlinnry >o1utfou iu cyanhk uf 
potaMioDi, Tvllh tbo addition ofpotiuhoraQda^nny benscd For ailTfriaf. 
Frank«nflt«ia rn^orcmend* 1 part chiorido of lihcr, h rcrrocyaaidc ti 
potoisiuin, fi cartioDfUa of potaih* 9 codiitdoq iST^ 5 Kqaid nnmonia; Ibe 
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litpid ii boiled a&d dctmntcd &£ befcru, Tbe ui>el«a must bo iak<^n om 
ind rl^anrd rrpry 10 or sji) minul<*B, nnrl llio xlnr w^Tiod CTor olhor pInoM. 
Tb« t|UAUiU/ uf }^)ld |irt!cipLuiH] in n luiiicrlH drpirrnlH on iliv Blf«n|f Lh tif 
ikt »olDli<>a, sn<l tliiH must im dct^rmia^d rT>r a ;rLton Mrvnjcih ^j llic 
InlAiicf^ onul MKW cxp«rtoaca 10 Bcquircd, cr by aoialjsit of tin* ikiIeiUop 
miMlnJii^- Wfaeo llm lukiiun itt VL^rj wi<ak Ihe o|ii*nilttui procepdrt Terj 
•IqwIj. vMcb Cttn Ims aaccrl^ilucd bf ihv time vrhlch ^1ij|t»iL<fl Wor« ih« 
•rlk'l* bccoraci jcllow •>!■ browTi. It in nwrrtcrl, ihot wiili tht proportions 
ff T»Ti. ftnd wlib ivpt^Bl^d viubmg-, I dollar p«r Bqiiare foot caq he depoAii^i.! 
in 40 mlanU'jk Tlw ^lijvm iinii«llir tako mijfv dilula tolntionA. Iron fMi 
be tcildcd ut thU way without prcTioaH t^op^icriniif 

C^pptring. At louxt iiirv« «lL*ni«<fiU ufo tvttuirttd fortUip 0|H?ratJnn, 

Uw dwonrpDvillon or the rvnnldn nt rrppnr brinjc mi^rn iliffli-ult tbuii U14L 

of ili« cooibiimlkonft of ^Id And ailier. In contia^ xrou kIiEi copper m a 

propiirftliop for »ab««^uctit ictldinir^ It moM ho dinned with jfrviil cart. 

Mttwhwl to tK<^ oegjtllft pole, ihe poKllJvb pol'? lEnnipricd firiht lu iljr 

solution, aud Ui«ci tbn ii«fg»ttrfl pole. Wb^ti tbtj art iittrudi>ci;d tn 

t*flTcrRC ord'^r, the ir^n uni \ht copper V'iro fjrtii m-itb tb(^ li<iiiid a cloMd 

Otrcuit; and thfl iron bciD^ uUaeltpd. btiifkni ihi? firm udbeiioD of tbe 

oop|i«r. %o tb&C k Muou fttllH r>IT. or a( Itmvl Ibt* ir^ti tukU Th^ arcJrle is 

Obly tbmlj coT^^rod with copper, aud then c<rDuf«ctcd ffiib lh« uc<j[(itrrG 

l^ok iLpd immcTiod id the nolalion of fcoJd. Tbe irold kbould be laid on 

t hirbly. Cnrorinoaicili'. ib^ gilding raiirot alwavv be done fio perTerily u 

Co prevent lb* ftitb«r(|u«ul rusUiJi^' uf ihv iioL. Wbero tbv u|>eration 

«ciGC««d« wotl^ tba article:! {jan be laid in dilute nitric acid wltbotit injuiy, 

Br^titi'j A Koluiicu of brau tt prvpiiri-d by placin^r t airjp of copper 

<:?OTiocrled wllb tfafl pwEtlrn |Hi1e in a hliIiitEclii cif cynitMr of potOAilain, 

^«ilb a pialina nt^gatiTu electrode, until copper bc|i:inii lu be dq>i:ait<^ on 

t-be UUer; ilno ii ttien nftod Tor tb« poniin-^ polu, niiUI the dopo«Uoa 

the pkllnaa^amciinbnits.fdlovrolAr- falliit bnlh, iron r-an bi? coaled 

vrilb braad. The ariiclts tuuAi GtM be lightlx coppered, aud then pluxed 

i& tiio hratn bath, u^intr tmc and copper tonctber u poeitWe pole, and 

tmineniDg ihe ooe or tbe otbar dvoper, aa the 4«oIot of the depodC 

rcqwrvtL* 

Pladiniziitif. A aolutioit of anriiOQlo-Gbloride of pUtbium in trftterb 
tti«d for U>ih; but tbe opiTttioa bnn never yet l>Mia brought lo lb« per 
fectloa Dvcou&r; for practical piirpoieft. According to JewrftlnoJT, fto , 

• Tl« Aiii|>« bu never waaaaJiJ id ihUeId^ iron with bn<t. hy ariug brueiii I 
Lk« po*allvv foir, H iIEn«l«d Ikj Jaeobi i tliv artlcU vu alvkji curvrcd wiib «te<s 
tod tb« brua irlrff bvcDOiq blaefc. 



95l» 



PflVKlCUt ft3CPfiRlUBSTJL7109. 



In the fi^llovins v&j; t pwt of plfttlaa b <U 
Lft »u[utlon »vaponkt9d to dryDMf m & ifnit«r 
ndUlolTCd fn viUer, ami 1 jiDrt orf'un^Eif* i^olnwli (tifBohtHl in vtler ml 
to iIm mIuUdu. llic preciplULe, lugerib^r wkb llie 0U|>rniftUiit litju 
b bofltd irilh a loiutbn of *-£ piLrU of oxtXie acid, nntil lb« prccipitAU 
ndluoJved, And k tc^ution of 3 pB.rti of (muAiIo [winth added to ti, 
tfllcles muflt l» Ireabfd Iei tbb soludgu with fvcMe currcotfl MT«rol (I 
bciAf; cldiLcil and burniflhcd after i»(?h trcivtnicnt. 

[301] HOblll^S colored nORB.— Thc'»« Wautirui ringt are 
diicpd fin a Hmnll i^ircr rn\a Iwnt-n atn thiii, i>r on n i1niniomH>ty|iV} p' 
]r the f-tnn be aclrctcd, it must he xando (|tjLtc atnooUi and ^oiind 
bri^btt ttio cole tM bcltar. heuauae tb« rtujrs «&& culiy be niUi«d olT 
renewed at i^l^iLirarfi, nl^lch h not *r> pmv with the dftgncmolype p 
The cKpcriiiiciLl ix mack* by placing uu llic tiUvr ft fi-i« Orcipa of ace 
oi cvpptr, aud loucliiji^ ilm p]Mo Tbruu>rii Ibc liquid wllh a ^tointtd 
of itac. The coatitft b contUiwd lu; loti^ an t}io rinfcit fontiniio vUiblf to 
1rH*rvL«<. Tb« ringt urr finer wlicti jirodai^t^d tiy u budcfy of S to G tfle- 
mt^tiU^ Tbe ailttr plrUc la coanoL^tud niib tbe jje^ealive pole, ajttd iLe 
pointed wire from tb« pontivc pole dipped into the Liquid withoot (ovob 
hig ll)c pUie. The pbto must bo lield horixontHJ, «u &i to bold a e 
Hidcriitjlv qtuiutitj of Uijuld. Qeriuou-ailvvr luuj be uaeil tnalfud of&i 
bui the nntEA will not be no handxotae, for thin ftlloy ndocM copper oTl 

[^iy2] llm bcautifu] i*olon frvqutctly *«uc oo balb aod otber on 
ineiii^ arllclcs are also pn>rlLiccid liy gaWanUni. They were iUwoT»ml 
bj BccqDcrel. and arc produced in the follotrttii; way: Diuoiro L port 
canati'? pofaah iu 5 or 6 parts watvr, aijd odd uii i*X(?un oT linelr pulrpHxtd 
lltberg^ ; holl the mtjnnre half nn hour In nn «nnhan pot, iritrHDi; it roa* 
tlonnlly; filter ihe li<)uid and prtKnc il lu cIoac cciwla, Pour Iht 
liquid in a brute cr te&den rt«&r\ b&r|;o fnougli to bold tbe erttele to b« 
tfolonht* <!oaa0<rt the bUer vltL the po«1tWe pote of a batltay, of 8 or 
mortt fh'innnU, iinmrm^ \l in l\w Irad hnth, and rnnnH-t iha wwtal irllh tl»< 
lEcg^ative polCL Th« prtcipilatlon tnketi place vu rapidly thnt when iht 
currvnt U atronjr, \i Unot nlnajA cany lo elop nt thd d««1red color; it \% 
htti, thcfpforp, to nno m fi'flblu current. WUh broB, lb* wiro nait Ij» 
pltu.'nl iu cutilurt wilh Ibe yxW. Hiid the uriiele iiiUudueed slowjj, c<lgep|iff. 
It h advckatotcceai to g\\6 ir lij;hily bcforeband- 

To prodiaco the ririgv dJitinclj, to e« to rveognizo the raccoidop «f 
coloiv Inittierf^^ In tlie IU\q\>\ n \i\n\v 'tf GvnauU'allTor Uld on aajdnl 
wirt, tonncclcd wiOi thn p-^siliTc |>ok, but not in contact wii1» ibt laMallic 
T«tHeL Uold a round pJatiuum plal«, coanccled with tbo ACgatire pol^ 
oppnnlte the center of xh\9 plate. a 






PHTAICAL KXPKBtMKXTATlON, 



3&1 



T^E*] Ha«:iietic efftects of tho cnrrent— To iiiufltwtt tho 

nctioa of Ibe gilimciy cnrr^Qt on ihe rttv^n^^\t* nwril^, tstsXtn lo hnnnta 
two copper wina beat m In fig Hi^r, wEih iIki plnnc of ww ^vnivnl nod of 
tho other horinonUit Plt^e thorn with the Yrrtif:nl planv of tho ono aoil 
tbe Ki<l«« of the otb«r iv tho plnnt* or thu mofiMtlc in«rl<IJan, Hold ik 





niftgcetfc n0«d!« atoTe and below itv horizoiilA}, nat] hvMe the Ti^rLitEil 
parlfl ofthU current IToId n tiljuil dip^mijc [iFcdhi unttr th«iii tu Ihn BM.iue 
iBAniicT, Tbe ncccllo rrprcjcnicd jn ^^. 60T lA very Gon^onictJt for ihli^ pTLr- 
powT- Ti> rend«r Atnpenj'a «ipn4cfon of tho Uw of dcfltoliou laoro 
c&BlIiLtt, liltlr Jnliktofl dolli vh\\ lb« left arii) exi^riilutl riiuv l)« rnhtHiifd fu 
the <lireclii>Ti oT the ^.mrreiit. so th«t tlicy r^n be turned about. Turn \ht 

£304] The galvaDotneter, — it^ai'tf^Hthe^trnptocomppwdescHbed 

ID i 209; accurate invMarhig innUuniiuitH i-hould lir dcM-rII>rd: ;h«K are 
the maltiplivr. the t*o>runt roiiii^t^r), nnd tbo trompuv.i of sinod^ All tbcw 
tD'traoiviitit roqiiEn^ a Arm iK]p[>'^rt» Rnch ae a bmrkH on the wall, not' 
fOnnrctci] with Ibu (loor. 8]iurL <*tH]diiotinfr wlr^B tnrmJnnlhjr In bbidlnjf 
•crew# should bo fastened to Iho wall, and iho laorAhlv conductQrH foatcncr] 
U> th»*o. 

Thr m^tltipli^•r. Tbere shoiiTd Ih? at li^tijtt lhre« TunlriptJcru ^ ofi« with 
30 lo dU tx)ni9 of vrtre. J to ; millimcicr Ihit^k; l>ul* with 160 to 200; 
tttid aaovher with lOOC tanui of' very fine i^oppcr wlrts^ fnich jm 1e used for 
wmpping fltrlDgf of caigot The coiiitniL-iIoQ \$ Sn oih<?r rcapact« Ihg 
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PltTSICAL KXPEfUMerVTinOK. 



■oflw in All ; ihry arc aTJ famished «Uh Mtotic nvedJM, th» inacc oT vhkti 
rftit tfojdlf bfi rvninted if iiet'cuar;- Fur >ome puqiuav snilUpllon cf 
MtcnJ tbuuMiJil tuma arc Dcedfd, but JCitiO b aufficlcDt for ptijijc*l ci- 
parinnnU. 

Tb» w?r4^, well wrapptHJ wtdi tUk. U wound on a iquMV womImi ftaiw, 
lU'S H' C<)7<. About :£ iucbcs loDs In lii« cl*v< T«o opporito «idM »t* 
tut arvuy fttiovo and bcbw to th« Ibk^know of 3 to & HoMt »a tJut tbe 
iptc« nUhin tlio oo(U will b« th&l tnfl«, Tl>e wire Li^ vonnd In \Afvt 
bvtwoon ph^Jrtitioni li-n aIbiiiIiiijc aIiotc uxd bcIoWi «o u tu Uatc b jJU ftl 
the top. The tDtls of ihc win? mufii prpject on Um HiDe Me, ind be tied 
so tbat Thn ^ir^ cannot uniHijl» vhj^'h aonttltd irlrv will bam no MmUkj 
lo do. TEtc> framn iii «r?rniml ilcwu upon it Hquom hnaTtl, » liiU« lonftr 
llim itHlf, rurniiliifti viiti Iflfclins screws, Tbe needle ffiU coae to nal 
toon if th« inif)Tl >r of the ooil bo co»t«d wiib foil, fc thu to viU vibmU a« 



if botwMo two (uctidlk pUiejt. 



iV-<M. 



iVj, <y9 





Oil tlw ttppor bfttf of Iho frame U fanleoed a plMc of Irory or of 
eorercd with papsr, witb n ^raduMed oiKJa eqiud io tiiocietnr to D«< 
fO^li ijf tliv ucwtlle. A 9i!Lt is tnade In itLU trtrrlfi fhim C* to 180^» mr- 
rc«p4»]dinir to the allt Li the coll ^iid » line drnwii u rtfrhl uiglM to It 
ifiroiifrh the (<LMiter. 

T>» lif>l'I 10(M» or tnore lurut of wIpc ih< apao» for the needle niift N 
sroiUcr, nnd llic Aanifss wliiv;lr i.v>rjfiiie t)iu win? lar^r, 71^, 609 rrprr* 
seuU tlie rmtu« for tbai. As tho Aptkocs for Ibc intrcdiKtbn and rfbntkiitf 
ftho Bcftdlft muit hi- mnde rer* Bmall, the? ihoald W Inclosed hj Uiin iottrfl 
lo prervnL \}iv iuithshyw of (tir M^rp> VVfi«-iL th« wfrc Tim vT^ral tbowMl 
'tama, it U wiTiquLrk' to ntinrh bmdinttKrvwf toUkeendiiof met tbovaiJ 
■epar^telj; the oporntor hu it tbea at hit AptJon to eonDod tiie wit* 
Icogllis so Hi !o fonik n iimitlntmnif wlr«, or a ihcoter «iid tbidEvrwh 



PBVeiCAL CXl^ElUAtEKTAlJOK. 



353 



QffNMdftg livn mlxlAnci^, And lou iwaiitivaL It in cqftn:ni«uL tu luiiku the 
KTCtm] leD^b« or (liffcrent colore. Figa. SIO, Sll, taii OlS sbow Uie 



^. CR 



/V 61U 



Aj?. 6LS 






fariOQB oom^AtlOQB Att f i>UO ums. In vtry c«nsltIro tnaltlpHera tt oflen 
uccani ttiar^ ibe tiiredlu n^^pckx Trnm llm i:ern Una. iitiil wliitii it h tvihii'il 
■t<B«dilj tonard it, spncf^ miiidvnly to tbo other aidv^ Tliia is causvti hy 
tbo pTCMDoe of IroQ tu Ibe copper wire, ftod m««l bo oorr«cto<lH K noai>«' 
Muj.bjtbo Addition orftiiblmctSon rtt a oonnant error, iho dniFrmrnnUcin 
or wbicb li bejoud tbc limllH of tliu vork. 

Thc oeedtce uc mMt>> (>f Liu of ihia etcol kfLittEufC'EieoiJlG, S or 3 linrn 
tlkorlcr thftu tbo ffpAco witbm thu frpmu will udmit Thoy urc Kai]iead{.^rl 
^ Ite uAnner indlcateJ ia lig. A13> ur fig- fiU, by a tiiiglt* i-iK-orj[i filwr 



i^. GU 



J^ 613. 







^V-IJli 



%tiBd flToand ft tcrvir hnod, inBorted in an arm tvlich i> fiutcacd io tlio 

pfatP. %. fits. Tbti fibvr roftiv iu a emi>oib ttori^h In ih» end ofTliifl Arm, 

vbicli must b« exactly ortr Ibc center of the urclt, 

The ntfotU«A cu bo raiwii or lowered bj lurain;^ 

lUi tcMir. Th« opper De«'1]« ftnrrpA hh an lnd«x. 

Iben ihoald be voine meank of fosienin^ tlie np* 

pec needle to Ibc plate, lopivvcnt the brcakLog: of 

tbe thread in moving th« apparaiut. Fig, CJG 

rrpraieola a HimjilL* vay of necompl [thing thin: cr 

ii A braes »lide wLIcb ciQ be ftkateaed orer tbe end 

of tbo neodle by tbe kkw b. 

Tbe entU of tlse vlre^ Bhonlti be faatened or 
Ki3d«rcd to biodlDg screws, l[b« H^. 549. The Iiutniment ii co%«red with 

23 
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rurStCAL EXPE&IUESTATIOK. 



A i^liwGi cnR, Invinff Ihe blndioic icrttwa, of conrsi^ oo did 
nidng Uio liitlmmeQt, the ««ro poiot miut bo tuned towwd Uw 

ft?. 61«. 




^iB upper needle sticuM l>a a liui^ ilje tirciig«r. ao that t.h« thi 
pde nuqr point to <bo aorUi. Tbod«Qectkiti o( the Dc«d]i', oift it 
<>fd]]iition, raiut bo t«kon tw a Tnt^ibsiirt of the fiTTGt of Uic cvrrcol 




tliu miilLf[infhr» hawrviT, niLd iu Uji; aiuipk compuB. tbc force t>f tte 
btttn no »i(np)e ratio to the dc^ficctloci, u it don ia the Udjj^I < 
ud cDnnptua t'f 8inee- Fig. CM r«pr«v«fttfl ih« ma1riflT«r cocn^teU; 



T^fiTKICAL BJEPS|IIUE.VTiT<IW(, 



«6& 



kllc Ii««d1<« mrt apl to usnine. irnTeai one of then \a conaldenblr 
If ppgy r tlwk til* olhor, iocd* othvr dirvcliaa tb«n thai of tho tnajraftlc 



iV 016* 



I 





fridinii. This doi** no hiirtn in the pLlvnikomuier, prorldM Ihc itffo uf 




^Dcn the i)«edlea uoC htltus ia the uudc vrrtical pUac, and is difficol: lo 



:!5€ 



wiTBirAL S3n^Bnre!n'ATro!», 



ovcfcome: It baeoanca moru |reiv<fpLJLl« as the D«edlc fa mora pufbcltj 
uiatic> Pffrfectlj aitedc occdlcA, not liluat^d in tiic woe T«rti«J |il«ii4 
ua;clil to piftcd IbooMlfM ftt ri^bt iieii^I«» to tfa« meridioA. 

Wh^D the qpper p]nle fs mtile of ciopper, k wrreft u » chorl: npoa tbe 
TjljmtionA of the needle, brlikRing it to r«it MOttor. 

It fa terj ooDVcni&ut to bfttc the >D«tram«iLt mornbh on a pivot m Ihu 
Ha^, as ra j pr wjD ttfd b Og. 6LS, «o Unot tha podifon or th* iMtdto cvi 
cDMly h(^ ujjiuud lij turning )L It k trell nljto tn bavu hrvA fwg« fixed 
in the cirde ftt 90° snd 370^ to preTcnt Uie Qeocll« frau belsK tlxrovn 
completely ronod. 

In Torj dclioftio gtlruiomttop^ tiin niMidlu should bo cttpaMo of bebg 
raucd uuU 1g\Ter«d iritbout mnuFiug tbe glua tAK^ Ifort? a 1ii>T« 
tbroiiKb ttjc top of the cover, and ftUach to the plow whitb fupporti tho 
i^ocoon filwro brau cap, raprcpscQtcd of natural iTm in tig. 619. lVr« ti 
ti uitJiirL- lioltf in thtt (vtLl<.-r i>f tbii ciip, Hutl &boTe u Hn^^rHli liroKroovo% 
In nbich a errcv not li Uiwrtc<l The flUr hUKH on ^ hook ot the end 
of a ntjcaro pic, wbic^h btw a thread cut on th« otiMr mid. By tomin; 
the hqI, tbti plu Is screijr«iJ op or Aovtti. Kig. 6S0 T O p rt faot* a galmn- 
uxuelvr with ajl iheae coiivonivaoeb- The frame fbt the wira la tikerdj 
slipped botweca two wocilen clcnti tm the upper boanl 

[305] Wrapping tho wiro,— >vif« i««« thu i miiihn«t«r tUok 

ii alvay» nrnp])eil vith f\ik. Tllckor wlrw atv u^uaH/ cov«T«d villi 
wool, or nilh silk ribbons made l>j cutting tip old silk tmd sewiog the 
vtriptt toguthor, A fria^ EUuLot i-iin v-np almost anj Uagtb of fin* wira; 
but the *liicber wir« canool bo vnppoci on iiaal] apooTiv and tlia I«^ 
which (^an Ik- trapped In ono piece dcprnds un the room. A ttacbbe 
fcir nrttpping udj kagtb of ntro la doAcrlhtdd in Ibo noxt aictiott. 

To «ptlc« th» wiras, «(rn^'0 th« cndi aud twiiit tbem lo^tk«T with th«' 
plkrn- Whrn the *virv4 imMhlc-k, tUbdiilurb-i Ihv reguluriljrof t^cutK^^^^ 
uud it b b«tl«r lo Holdor tli«m toffeiber with »oft allTcr-floldor, aud B^^^ 
dovvn tUit Jcmt. Tbo boro placoa on mippcd bj baod. 

[306] Tbo wiro-wrapplng macUue,— Fi^fiirw esi. ^n. 6S3-»^ 
n^i. imd Oi2f> icprca^al a Ajinplc macbino for wrappiajc codlrci 
Th« sanic partt nro markod with i1m anine kltere in ail Ibe tigtirtd, 
tigi, ^31 and 6SS are half tb« rot^l alte. 

Tbif baao A rottn on f«ct, and upc'ii It thft hoard Fi BU fMvoad bj « 
voodcD xrew amd nnl O, whi<'h uorki tn & grooT« in the b«M^ ao th^ 
the board JV^d ihevh««l it support^can be alkl bock In order to li|bieii 
the bnniV T3in ln>n axle of tbci iFbr.(>l J7 trorki in braai bevlngt, Hv 
circumfvrouco i>f ihls wh«d U ^^rooi'od for a Lunii, and fire grootM ^ 
vftrjing radius flrc ont on tbo axle. The cord which catrioi the >^ 
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PHYSICjIL UXPEBIMBNIATION. 
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md the wire worl:» tn the Wfr? irroore. lUid th^t trhich f antic* forwiml 
wir« bi oni- uf Ifau cDiollor \Vc vriJl follon tho Jatt«r Urflt It poasei 
from thr whflcl o»flr two rolUn n a. sliding on smooth iron ro(3s, wlifch 
ui3 fixcxi obliiiiu:]; in the Ijokr, find TaAUned nljorc l^y » brati banc] to llic 
br&cc 7\ JU tbU bojid ta deaif n<d lo be tnovabl^, it \s stit tio cji !<> slip 




vntder thd bead of a scfev, I'roia tbe rotlen a a, tho faiuid pMn> at 
lif^hL BngTcK lo itH Fomter rcnmc? to n xtheiA O, with Ihfvo gn»L>;'i>& Tlic 
iroQ ax1« of tbli wbeel tanii» ou Mrroir poJata 6 b, the natd for vLlch nrc 
mnk ia th« iipri|rbtfl 3f K Bfisuloe lbi« wh««l, th« sentu aieIo cairfH aii 





iroa roller cwTered vith tentber, 4*, And the Uilrd u|vri^t O fcu a tap 
d\i fTDin ihc tJ(i lo wliLii the aile. The roltcr rf b o^ VAd covvnd «^ 
tMlbcr; its uk li«> Iomo in tb« vlii id O. U «erTC4 to pre» the «trt 
00 the roller c, to tliat H ntoat be |>aab<d fbrwud whoa tho vbeoA tuna 




In tho diroction of thr arrov, Tlic w£rc Ja ihaa citm«l la tho vprifiht X 
•Qil patihcd thr^nffh tho tnlju ;?, fifc- I'^l- ThU iQb^t ^ it ihnwt tkroi^b 
ft »lrl }a flit Dprtglil, and liclil by the iboaTdvrjf uu) llw net Zffl «i>ffa ' 
1»o«Kiou tlukt Lli« uii'idle of llic wfro Alivdjn coiucidea with th« lois of U« 



rarnCXL SXPIUtlMSNT^TtO!*. 91$ 

The uprigbt T COQ oUo b« alid in tik6 dit «. Oa th« «h«r ftld« 





360 pirreiCAt E3CnraiMBSTATroif, 

be TCTJ Ultln hrgor iZiiui tbo vJre, wbk-li |i>jj%eft llron^h It 
tf Ifi atuck on ft Hmooth pin n driroa into r. The silk ii outlr wotud iw 

lb«ae spooli on the lathe- Fron tbt «pool 
^VS" C86- thn thirnr] Ih mrHtil GXrr iho book o, be- 

fore WDgattAcbi^d to the «tr& 'Hw apool 
Ja kept 00 the pin tij n Lttlo Caleb p, A 
AoA brau wire qq \* pooc^ tronnd ou 
cad oTlha n^juuV lu jirmrtfut lb nrolTin^ 
f.Lxtcr than Iho a\\k b wound o» (]i« wbn; 
Lj iDrning tht ptn i Xht: fhcttoo of the 
wrre oan be [iicroasod fit pleaatireL Tb*< 
tsri^ iMtwceu the rcToIutkn of Iho npooU 
(tnd thu advntico of th« vira cut bo 
bj ^hnoffbg the itrnmn npnn wlikh th« b«n(t« ran, ami the (hkkn«M o 




If 



F^. ua6. 




the wrapplnn TkHcd conwpomi — J— 
iojflj". The wins dhoakl be wooiut-^ti. 
on A roU^r bvhind the moobinc, 
u to ran imnnthlj' Into it Thi^^ 
«npp«d wire E»hould bo wonnd io^ 
to ooUs u It com») f^ni ibo mm- 
chloo, Bflforo bdnft VTftpp«d, 
ttire must 1j« vr«U anncilnl. 

[307] The tangent com— - 

p&88>^l^ cotmUtft uf A «toni oop- 
per rfng» (3 to 3 miUimetifni ihtt- 
4Dd 1 U 2 coatloictvrA brMd,) m^ 
Icndt 1 foot m diojnMr, mkJ b«n' 
fti right nTigl«ii ai tbc ondt, tji 



In flcr, C2T, iDatesd of being »o]d«r«d togethor, Th« tvro «3dnmitf«« bj*^ 



rmrstCAL cspEnniENTATici?. 



sei 



■qkMttod I? ftTtf&labed board d, inaertiHl iu the bole II tbo cjKader ii a, 
Iffi. 0SK tnd 6fll, ud tbc flpflcc filled tip ^th blocks of wood h h. Tho 
^llacliir a 4 tj supported on Xhrae r«ei with leveliti^ f^re^vd, tud tb« eudi 
of thi: copper, with blodln^ screws aLUcbeil, pruject bdtwcon thi?«A, Th9 
cwdnctiUig vLTCf ftre of copper irnppod wiib dlk. 1 meter lon^ &a4 3 to 
3 nUIimoUrs thick, and twisted toother bo u to nQulralix* Ibelr intiuiinco 

laslead of alUohia^ the feet dirvctlj to tho cylim]«r q n, ttiii muy lio 
mpdc to turn tritbiu a &i>coud o^liiiJpr <? c^, Og. ^38, and fiutencd Ly a 
tbaiub'ttfrowtf-; th« ring can Ib«n b« lornod indvp^a^nttj of tho foflt. 




b Uio copper riojc ik fixed a woodcu frame with a groore, bto irbicb tbe 
liag fits. Tbi* frame » dvdfniod to lapport a eompaes, with a notdle 
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imlf 1 tfich Id \wpt, and moti bo ol sucti it Iwlgbt thu Ui# ovur of thi 
DPHla will roJnHile Hilb th« ciuiUrr of Uie ring. Fig. fiftB npnMBttlk 
rbok api^nUUb with Uw sUipk looiJilio&UoQ of caiT7ng off llnffbvi 
|wn]]«l to «iich «Uiffr. A DMdJe «o iboit u 1 Incb do«i mc ftdaHif 
■ non fulonic gnulnatloD thac lo 9 dvgreoi; wiil Ihe trror oC pviSu 
«iU be cojuidend wImd lbs needle douo not Aviuf niucb bvjond ik 
pUne of tbo riDfc- In ig. 0SO the nccdlo U prolomjc^ bfthnAdi ■( 
iln/rk glcui, ind tlie c^inle made [ofgtr It U eli«t|>er to tUMfc to tW 
cjliuJer a two «jidh i; t rapportiug a UU« A d, tg. 6S0, aboul 6 \vkm 




wide, ftftd 9 iiwhlfl bogfr thu UtO dlint(«T oT Ibe Hof. The iCif 
;tiiMnec] thronjrh & idSt In tba nliUI*, wkick k Bfii-rvBTil« 61M up ^ 
[A Itrgo oonpwit oocb m fa deecrlbed k { 219, vaj bo pbcod on Ui> 
lo, or o gndnotod cM* of p^pot pMtod od U, vHtb tiic ufo poiiu i( 
rIgl'E u^Iofi to the plBMofcber^, Tbe oeedle octuku la tlih cos* i' 
a Itit af Aiccl knitliDg^eodle on ivh loa;, v4th a oorket ISfco Ag-^^ 
To Ulu cocl:«t on ooUerod tn^ wlrw at r^l a^clei ta ihe ae^ 
OKtondJDff to tie gm4o^)an^ Tbe &o«dIe is Bwpeoikd b; % cocooa fitf 
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Fig. €81, 



Fiy- C3fi- 



fron the top cT the rins. bj ItiQ contrirftnce rtprcwatcd In Ajc^- tI8l uid 
SSal Thti cons&atfi or % liJwk or wood villi ii groiivo ri ia tli« lop to 
■dmlt thtt ring, TtiA ricpil of ibU 
(TOOtolfl pol liolic cijuol lo tbi! lblck> 
UN of tbc rlajc» so XhnX wbi'ii t.b« bar 
t b Acrcwctl oT«r U the bli>«b vtli b« 
hvkl Ua\ on the riti^^, Thn V,\*it\ h 
ftlao huUoiroil ijul beloir. uiil tlm pin 
« thnisl tfarongh ft, uruio^ tvItU coa> 
cldermb]« rnctt>:irL Tho cocoon flh«r 
b kulilU oil ihLi jnu. «Jid pAuci t^irnngli n muooLli uuLcli iu Ibe lirUH 
pUlo /, which id «M«fr«il tc the bottom of tbo block. The Apei of ihle 
notch tOiQjA bo oxnctlj otot tho cetU^r of tbu ^rjuluatcd ^irclo. Tlio whob 
Ia ruf«reJ wiLb n glniu ^^itto, ta prcta*t It teom. carrrnlH of jur. The 
EiccdJo Euaj be fusL«iivil bj* u aimtlur cuiilrivackcti to tbal divtcrlbt^d fji' lb« 
Doltiplior, or it n^j bo bun^ on » Kttio hook at tbc cud of the thread. 
Tbc [ubtruai«Tit i» tlrnn twudored mon MiuntivD, vhUu it maj biUI >/c u»cd 
nitli ibc tir<iugt*4i t;iirrent8,U[aonconvt<nl4iiitt(i reai.!. Add I'ftii 1ip >crn'li^ 
ftled to M most one dtfcroo. If the fndex ^ros flbould be atightly bent, 
tti6 MTor maj be ootod and corrected botoru the ncodlo l« defleol<>d. 

Thfl Infltnimf^nt' cftn b(< Tvod niorp arcnrATel^ 1>j EnKonln]^ a mirror vf lb fri 
ihe (ndciitod circle. Id n^ndm^ <hlT, pEaco ttiacy« innudi ji|ju«]tiou Umt 
lh« ind^x wtr« will uover ita ima^o in th(' mirror; error of p^allat Is 
Ihos «otlrtlj ftTOJded. Tb« aftm« cODiTlroitc^ can b« appUed to monj 
other TimlniDiniitJi, nbrni nf'i'wtwtn rrrylinfr ji iircnraafj. 

Willi a Iau^ciiTi comp&&«< CQOAlnictt'd u dcacrihfr^n a cotn|)as8 of biiic^ 
nmjr bo dispOttiKl with. It d^lt^rs tW>n) tho taiifront rompojift oq!; in 
briug more ]U.-n>ttlTtt; but it ii mori' r-iinipbtn ^^*^, thnpcfrirtv ptwlTier. lii 
aalu^ the Uiu^t^ul cotnpjus, placi? tlii? rin^' parttllel to ibo niA^iictic 
mcridlftn, and bvoJ tbc infltnimciLt^ It in tovol whon the (:outur of tb« 
B»e<Uc c^lnekltv with ihu couter of thu ctivlc, jirorided th&c lh« sllrTiip on 
which tl^o thr^nrl haoi^ ba pmperly mljuMiecI, whbh rooftT b« «loiio »t ilrvl 
vJth tfao aid of c ipidt-lovol To fix ihe pUnc of the r^c^ occurulcly in 
the Enognetfe ntiridiaji, thu mediuit lico of iho gradutMl<tiJ niuiil bo pKt^ 
dit^od— ^vlth IV dln-TiLon'i on » mlrDr'— lUid mriiKt colnrldn with Ibn tmddle 
of the ring. Two iiliti are made irt tho rtDg for tbc puqiuBO of oI>b<itvEd|i: 
vhether the direc^Llou of lh« neodk- cviucidL*» accuratolj with th[« lino. 

Tho dtHcttcy of ibiii ioKtriuiiPni, i.r. ibu ratio bftiwoL-n th«" tittigi*ui of 
the drElrcUoD aud tbo rtml Htrvugth of ibc L-urrEUt, ilcpeudA upOD lUi 
dlaaODsioDS, tAd ihould be determined b; o Acrio^ of cxpcrimcniji, by mDoH' 
1d^ at the same tints n deoompfikitng npparatUK ttke fig. 594 or 695, and 
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llio iioaotitj cf dot»Ti{ttlDjc 2U cDETf^poQdlDc (0 Hm taDftent 1, «od 
ttie metuk olftU; from thu it U umy to eiLiealato tb« tivLnnlily of gw pnK 
4gc«U b/ & current of ativ fitrf>u^lh. In thU vraj the dacft of tbtIodi 
[aitnnvaU trc cosparftbk. The tiLQjtfDt oompiMi it s aacb more eo*- 
tttdeot ftad roUdbb ^IrvLOmettr than the dcconipoaisp i^ipaAlu^ Ibr 
the hit^ «iigro«sefl ih« Bttentkm of one ob«erT«r» wher»ft4 ihe fonner «■ 
Iki rrbl ftl a Rlniica BcsidtH tkK the df^cim position of wftier rvftud* lh« 
enrrent, wkI tbe qoftatlly of goj mtut oliraja bo r«dacod to 8i^ K., oftd i 
^^r«ttaro of T« centlmvtorfl- 

Thn diTtiCTury of lliv UiA^nt Fatr]|iEi« rnri l^in Inrnnwd liT tmklng Iha 
ring of Utfck wire, wound serorftl timtv aroaad a irood«Q boo|>. Bf 
flttnobiofc brndiofr-ficrowH to oodi tixni, thojr no? bo oomUacd 9X pl«flM?«; 
Till* (liiLTDcrf-r trf the nog noed never bo more thui 1i) lo 15 linui tho 

[<os] The compass of sines. — in ibb iofltroccotii ihv currvnili 

otrriod through a C0[)[>vr wire wotmd ont^i or oflcnor ar^and a woodto 

vlrvW, c or fl Ei>cftf< In d&«m«taT, 
^i^' **3 A rotpioUc nedOle b fttUohod to 

Ibu) riD^, to thftt iu confer eoli^ 
eldtfv with iho center of the ring, 
fig. CSX The riii; lii npport- 
ed Ob the oxit of o icr«dml*4 
circle, the lnd«x of which mnit 
hn at XAfo when L^n rolU of th« 
wir« ATO puaJlel U> tbc mAfooli! 
meridian, W'hatk Iho ocodle ll 
d^fl^'^tod hj the oarroAC, tbi 
ring h lamed tintl] tt ogiat 
colntidva with Iho dErectioa of 
the n^T^dte; tha Mitagth of thi 
carrrat It th«Ti propirtiaiuJ t*> 
tliv Hintf of Ihe doficctiov loJictl- 
cd onthchonBOStidolrdv. Tta 
liL-licficy of tbo tnKtrTtmeul ta- 
LTvu^irfiiritli t^o naiDbftf (iftnrtts 
of Itic w[r«. It k homw, nti 
ATniloble for canvntt bojond* 

certnSa ^trecglfa, b^pftaa« tli^i dnce do not Eni.-r^ft» ^ndeflnilHj ri tft« 

tongciite da TLIa in&trameDt is too ooniplEcelod for doiootk meiiii^ 

turn, ncd hct4 ^ono, in o jt^J^^ racoiiare, ont of oto. 





[30fi] Conducting power and Ohm^s l&w. — CuaiiUujt 
bfttt«Ti<« of cOELfiiderablu pontr aro r«qairc<l toillaatrttte lhei«o subjeeU. 
The ci^nductinp wired may N wound on iroodca dpoDls 1 lo 1} inchc* In 
dUmetpr and 2 to 3 fnr-hci IdUff, with tcww thrfudi, ttborit I Iio« »pttrt, 
c«l cm Ibein. Wcll-Atfaaoned pnnr-wood U ibe ht*i for tho iiurpoie. 
"^li^ ^dA Df tho vircfl ar« tbrasL tbrougli bo1o» bored at rljc^t ftn[tk« to 
w« nail, and futenod bj n plajf. Thiclc tsippcr wins, 3 or 4 ccntlmeU't* 
'"^■'gi are «o]dere(l lo tlie cuda of the vir««, lo prol^ci iIii-tu. The ci>pj?er 
*^^«i vHh whicb tho compftrisOQi ero made ehould lie of prccipilalccl 
^^Ppcr tDDlted down uid dm«n oul The diDtirencc In the couducling 
I>^>H'T ^l^^^* meiftta limule toMt ^ vIrSem b;' w1i»d!fig op^kiithptpookjuiit 
'J^*6<;ribcd ccLDftl lengths of topper, bra*^ iron, and Gominn'tilrcr wife of 
''*'* «Bm« ihicknCM. A copper wire, of tbe some loiigtii aud doublo Ibe 
^^ir^khOM, U £lio required TJie IhEcknett of ihd w(t«a aboald be ahoot J 

Jt trill g^neroHr bo Bafficicot to ihow the effect produced upon lb« 



t^ 



■^^nt coraptuf \ij Iceerlruj? tbe wirea ^cccntretj io tbo clrcDit If 



"^^^rt than this bo rtqnttvd, thp mtUtnnoA of the element, together witb 
^^^ coupue umI itft cooducUng wire*, umeit be detrnuintrd bj iruidrllDg 
^'^^ eompftn, flnt oloa?, tboo vlth Tarloas teaxlb? of copper wire, iind 
^'^loulaiSrg ibe retirtinw of tbo Hemect and Iho eovpou from the im* 
*^iil uf each inflBrllUH, attcrding tu Obm^a !*«, L-oinbluioj^ e»ch obwrT*- 
^•^:>n Trith tb-; flrel.* Bat ihis procow U too c<>tDpUcat<d for cluft 
**^ *jlruffiion. The Iftwi cftn b* iUuitrktcd macb moro limply by mtMAs of 
^Vc rhooEtdt. 

[310] Tho rheOBtat — Tlils i» « contrlvoDce bj vtbicb rorjing 
^^Agtbi of tbo AOEDC wire, accnrutcW mcAi^urcd br ibe ifintrumcnt ilielf 
CftD be lnurt«d in lb« circuit without mtvrnipiJLif^ tb« cuitl-ut. UunseuV 
tppfintas wHI »rrie to Itlufitrat« tTie uas of all nfmjlar LiL'^iniTn<'rir«, 

I3uit:9^n\ riicottot coDtiote of n wooden cjlmdcr, Etbcct 4 mcb«i in 
diat»4>ur oud n foot long. A eercw, wiUi tUrc&dti about { to II lm«8 
apitn, Lfi rut on Ibo EurrHoo, and brnsn or Onrmnn-Ellvpr wlrr, } tn 1 
niiHijlKter tliiok, nouud Id the tbrcndA. TIlq cvliuJcr U taracd by a 
orfink on nn froi^ a;?le, lo vhiob a vviru is nllofbud letdittjf to (b» bAtler;^; 
Ibe bopmnbg of the brnsfi wire u also connceted wirb fit txk. From 
Ihtf wire, ibti cutTtjtiL It- tarrieil ihrougb n brus^ vlirie wbk'li flii iuLo ttic 
tbrctd of tb« Mtcw. and pre«i«fl coDstantlj od tbo wire. Wboa tl^« 
crank is tutiLvd, this pi«co Elidcis b««k and fortb^ so t^at more or lesi of 
the wire can bo lRHer1«d at pteognr^ 

* Off oomtdplnf ^11 lagiiiherwt f^buLn iLiTEnF>«rii gtmict 4f oanllng to lit* Unglli 
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tbr«ftd», which, far ihc Bftk« <»f dlriluctLCM, are mide 4 (bias too brgc 




Fig, fl3A. 




Ih^ 



/Yf; flSO 



IhroQfCfk Iho Irou axle* oDd from this lu iElo wir« ftl £^ From Ui« init ^^^ 
piuici to iha «lAfttli^ pl&^o of brjui which tltdoK ii|ioq Uip hrw rod de^^^' 
Au iuclex HilhI t» one tnd uf Ihia Hiidt? intlEcbUiH iho uumtt^r cf tnnt^^'" 
beiivMi] It B&d the end of the wire at A, 1^ * 
slWi' i* punhod r<:TVftfd by a mnoH block of lifoo^^ 
wtih twi> fir three thrrsd^ fiitlug iha&e of th ' 
cftinder. Fig. C3fl rtproMTiU tW" ulidc The ro^^ 
r"i U loose ill thu fnimr. iind fi- pressed ipiill^*^' 
the cjllTidfT hy TWO Eprinpn Tim tnhe of >lldc ^^ * 
filEt. to m6kt It more «!ati>tlc. 

Tlw pEiiDin? Aatlgn of the rhcosUi la to irod^' 
the forco of tlioourront conntftpt, when tb# nitiUiMT ^ 
nr ihff powx^r of Uik eluMH^ut t'h«ri,^Hi 

Atiy other T«Bial&iic« may ho cxprciMd b t^tn^^ 
oT thn Icn^h of rhfroirtat wirv nqnirod to prod»rr 
th^ ftamf* «ir«(1, hr plfirm^ ihv inttr-t of ihft riieostul ftt ictd, itt&etlhif 
t1iR rrfllfttanoE. nnd noltftj.' kl» cfToct ou iho compftu; tlid thfti, After mnoT* 
iap th« rct(i£t4UK'e. tununji ib« rhco»la£ until the aoedl« b d«jlecud to t^ 
»am« degree-- The cciiK^uotlDg power of dfir«r«Dl klodsi of vrirt of ik 
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te 1^g:th ftnd UiTckDon «1ll ht itnttnely |iroportioned to Ihe l«Dgttj 
of tbe wire cf iho rlieosUI reqaircd to produce tbc tftinc fffcct^ thu 
ofaTiatiofc tho nticcrlaio dclcnmntition and Udioiw caleoUlioa of Xtt 
rMlitMKe of the «l«meaL Ohm'B It* dmj tie lUvtrnT^d tn t^? min^ vajr^ 
bj luMTtlojr >iuc«Mir«1j vrim of rarjliiir loD|[th snd ihicknnu. 

The condtictbi; power of frood <oppcr hM been ^hotvi: by tbciw Ncpcri< 
imnU 1o Iw tlmoai four tlm«e ihM of ihe besi brast; aod, tbervrore, u 
tliR prim nf coppi-r Ia not muro thun one-lin1f j^patnr thiin ifant nf hnum^ 
it U chfapcf to iiti« tliC former for aU {^vaaic Apporatiiti- Aft ptltontago 
is <Uso jcbJ'^*^ by Wlcfp tbl* to uM £ii«r ntre, vluob U ttuaer to bandJa, 
nod owDpim teu Hpjurt. The kIiu> af thc» nira t* of ati!! greater iiDpoTt«neo 
vboa it u vrnppifd with titik, » wirv of double thkluieo requmng twice 
«« moch fjilk. Wirw <kf from :^ to 3, 1 and J miEUmotcrs tblckDC«, wUl 
tw mffici^t for altnoit enrj porpoiw- 

[311 j Measure of reBi8tail0e.-*Tbf.> htaudiird now gvnereHj 
■liiimiiii for the meiL^nrc of rtiitiitAticc to tic icAhanir caircnt, U th« 
rc^SitOACA of a copper vxcv 1 in«ttT lati^r iLnd 1 miIliiuot«r ibiuk. The 
copprr miRt lit^ rhntnk'Ally piir*, «nd not ittrr«d vixh an Iron rod daring 
fiinon. It » toi DccceKary that tb« wire AoM t« CJCoctly 1 aiUlIiactor 
ttkiok, H iU «lio be ftccurotolj mcwond. Thu ooo be douo wltb mosl 
c«rulDtj bj mntat of « microinvter ccrev and^r 1h« m1cT0Bcop«. If Ui« 
Ivnglli and ihicknoH uf the vltc colled on tfae cjllnder of tbe rb«o«t4it b« 
knowD, ft b cMt to calculate Eu refd»tftnc« in t«mi» of the v^vtn nait, 
vhicb fbonld bfl vrittan on thn cyitndpr, 

In mant (■ipt^riniL-TiU h i* «^ g*^ 

aoccmrj li> iuitcrl tiuicklj n 

pt«o rcelslance In Uic drCQlt; 

for thli porpoie^ Eiunitohr'ii 

colama of fVMEOaixce, fig^ 63T, Sa 

rer7 ooDfenleot It coaiirti «r 

a cytbdcr of mabogocj* or 

olhor 'A'oorl rthmiiwd Aii.yi oEl 

ivuivb, in which alioat cine 

rifiiri ore cot. The *paoi*ft be- 

tvoon tli«w ringc nre T>Qnnil 

ttitb bnm tiaiidA. ftnij a liitk 

brtM bar^ turning ou a Acrcw, 

made to OXtond from ano to 

iba olh«^, (u nrpri'icrjlLH] lq the 

Cftm; thc« bare louat U- 

If b»nt» »o a4 to prou vitb >omv fonw on tbe bandi. 
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wire. whoi)« refiiftnnci; U known, U wound in ibem grcwm, Ac llii 
Je&gtii coEiUiumg ihc nMtiiuud unit ujjuOp or «n creii Qumbfr of dnCQi' 
which U tDAfkcd OQ Ibo colamo. Tho loniclh of the ci>SU of vin in thfl 
Bocoonive grooTts iocrcucJt f^oiii 1 to &? tbo «adi of «*?li vfre 
Huldrrvd l<j IbB iwii utiHrval liiuidft, tba upjwr biotd being coiincrtcd i 
tho KTcif 0. ud lh« lo^reet with A. When tils colamB U iucncd, t^j 
oarrcut p>»«K tbroujrh tb« bftn, wtion fWi»tftnco J* incoaiidmU*! 
if on^ of tbo harfl l>« vandng, u Id fig. 631, ibo current mtist pan tfirongb'^ 
the ialcrFcafuff wkrc, 

[fliaj ConductlnB: power of liquids— To chow ih« stmi 

realsUoco nbich lifjn^de oppow to tb* gnlvunic cuniBnt, wa iiMd otiTj 
inncrt in the oiiT:nh n voltimrfiT, n[id, TiQtinf the dTac\ ou the tuigtii. 
compam, it will ha eridflnt caoagb, vxtn wbcn lb* dwtrodw u« Ftfj' 
Urg« ; In this cftts, bo««i<r, Hm bttuvry shoold coniifit of fi^wor nod Ur^r 
elcmeati. 



/\y 63«- 




To tneMure «ct«»nj^ 
th« r««i«tAtice, ntk« ^h- 
woodeo trODgh^ < or ^^ 
jucboi Ions. A A, tg. 43%^^ 
and nmrfet it with ecoL — 
kg-wsK, Jq tbi« irongBm 
place two movable bovd— > 
a a, iho edge* of wkiLL^i 
oxi^dlcg om the ildf^iA 

will Kfrrro M tadkti I ^ 

ihc RCftlc To each 



tbpM boanli: 19 nttacbod a pEattoA plau, £old«rai to b spiral ooppor 
Th« «di1h cf wbi<^Ii lire fkxUned lolbc frong^i. Th« lii^tiid U ptacod in 
trough, aiiJ Ibf jiIhUih pWvil ut auycunvcuicut iJisltttji^e ttuta twdi iiUir^;~i 
iifler obMmng the compou, tho nlro of tbo tb«o«tat la aubaUialod for th» ' 
liquid antJ the tamfs (loQoctioQ it prodaecd, }^inc?o Ohta't luv Loldi fc^ 
lIqnM»4 stK wHI aa notMs, Ibe T«sUlanr« of thi? tiiraitjm of llq«ld tm t9€ 
calcdlaLcd (loxa the IciijcLb* bruaihb, oitd tbL^kuBU, wbep Ibe rt^*Uii<w 
for tbu tiait of Auction aad Icnjctb h knttwn. 

(«.} SXPEKIUENTS OV ELECTAO-UAQNETISIL 

[3131 ElectrO'taagnetB.— These cuj le roftde lU homa at a<v«- 
paraiinOy modemto conL Soft, touad, oharcoal Irou la bcM to !*• 
parp(i»c, Tlitve a bor<ieKbo« bur niu(1« of tbl«, nfaoist iha thleknoncif* 
fiagor and 10 or 12 ioehcs loBg; ofkr coating It wilh cUy, bc*l it tiA 
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Fig. flfl(L 



IttATo It CO eool unong tbc ombori, In order to (hov th« dnon toul 1 

of iUQ|SD0lJnD whec tlue current tt/uin. Wiml rnppi>r wirr, wr«p|M^I vU 

^illt or wool, clwelj arotind it. haTb^ iho btuJ fre*?, and pftM tJti fro 

ono ndo to tho other, [Qnktnf^ the tarnft ou both 8ldo» In Ili« «iimo dlrec 

do**. A abgk" Uj*r of wJre, 

^ liDQ thick. hUI Idtpftrt, 

^•Itfc ft *tifii]ff battorj. ft f^^\ iVfl, MO 

T«ry MMldfTfthl^ aitrftctire 

I^o-wtf- The nrmiitahi U 

>Q*4« like Ibow of onfiiiftt7 

<tt«fft*tft, flp. eS9 ftDd 64A 

Ta tnftkr A pmrrrfnl i^lw*- 

tro-nkftguet f>r ojognetitrng 

*^^l, ttc-r prvpAfo A bAT, S iAch«s in dmnieteT ftikd 3 feet loug^ in thv 

'^iKtnfrr Jtmt di'ittrllxTd- The armALiire should \tv prijilded vrtlii a hook, 






[lU upper nitfaee laaUii somcwlmt couv«x, ofl In tign 419, Futea iht 
iM fifi ft ttoat woodcD rfftQ]«, Ifke 0^. S4V The po«t a Hiu twrv ht««1 
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bMTEngr* ''ot thd axis of vi IroD I»T»r. Hie loDgef inn Of tho 1«^ 

rgradustcd. »nd CArrEe» a alMIufc wcigbt of 2& to 60 pounds Tb« poft b 

'U to cEiUh tlif hrtr vrbca th« Annataru b pnllod oU- Tbc btmd of tkff 

'in4gn«t U lot iitta x]\9 baj«, tad b«]d dovit by % it^iit bar Ri^roBvtt ovvt It 

JWnrd Ibjrcn of iTo|i|irr wlri!, nbcjat 3 miinmctcrii tliick, ioiueI be lued, 

to order tu Impart to the macuctm purer cqn&l to M«eal koeidrtdvelf bt 

Tho cndi of tach Uyvr tany ha leapt irparatc, aad oombbivd at plutDML 

U is adrittble uot to wind the wire dirwily uu ibQ llinbf of tbe nugBCt, 

but on (bin vtooi^oq or piutcboard Rpook Tbo epoo1« mut Im «UfP«d 

over iroodcn ojllndeni, lo prcvcDl tb«ir hning eruflbcd doring tbo vlndia^ 

sb l(i;«r of Tire 1^ ^»pnr«!pr1 bj n tb«ei of pa]ier. Tbe «iid> ol ttai 

■pools arc Aaall; cat down to vHthtA 3 lino of ibo irirt. ILon 

cvn be aaod Mpntatelj for mviy tx^ttimunis, 

Ar It U difficult to bend Iron :f or 3 Incbes Id d1ame;<r Kitbovt tli 
iU tblnkriEO, iwn Htnlgbt pifx<r« mn^ tn irnnDivtcd hy n vbort bar ntid 
two etrouc acrtws. 

If th^m bo a mfLchlu^'Sbop ciear hy, ix U l>«n to t&VB the uuator* itti 
tbe eiida of tlia niJign«t jiUued; h U tbcu tiuj to grind them perfte1l|f 
fVCD. The eadA of the lu^i^uot ^buuld uob be tcft rounds but »qiiflfiJ 

ft:?. ti4il. 







off tooue^biilf the liliuLGirr, iLKifvfti fa Jig e4± Tbe nrfec«Of thfl 
tare is made ja«t tbc lunc wiUtb. 
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Fig. fi«S. 



Ti0. M) rf pr«Mfita an «Jeotro'iiiAgti«t wlUi a frune deslgnctl for ^r«at 
vfd^lM. Tb polcK an Artctod npwanl; Ihti fp'nls m ttrun v\th ih« 
lop of Ui« Ubkn apil (ftn be «ftuly taken out 
Fi^ (4S npr«WDtfl • eocUon 1hn>itgh Iha 
tetenlpgf or tb«b&r, which liPibniwccn tbo 
poatA « u^ whicL Hup]»i>a tlL« vpimlx ft^tm. 
"nio mU i> It wych hold th^ bar to tfao 
hum, tappcTt abo tbd itimip <>, fig. G4S, 
IdIo vrhlch lb« ctui of ific hur B, fi|f^ 
€42» » in^CTt;^; if, fl^, Oii, ii &ri Iron 
|ij«t« L«t into Uie buo, a^ast vhich B 
prrwesL, 

To cihlhtt tlio powor of the mngnet, lay 
tho ormatarc. irilhoat ttio stirrup £, fl^. C44, 
on ibo pol«F wlthia ih<j iroa arvb Z>. which 
nutJi ua th<? IVam»; fn^n the? lUrrtip to 
Iho annatarcbj ilabult, ujhI JuJieiltlmleTer, 
■Lsahowcm th» n^iu The lever lice io 
tbo aame plauf* wSOi tlifj b» ^, Thv longc^r 
ftrui [^ tc^ii tiui«a £H Icrii^ aH tJirr HUurler 
HftDff n jpHnff bftlADcc on Uic lutj^or arm, 

ftRi) iTOon^t rl bj • chain and (crow-coapUag with tlie bar II. The Bnnft- 
turv lp( lorn loose bj tunJnf^ the w^nvr, the balance IncKcatLn^ ^^ ot tbr 
vtrmfa. Tb« artnotaro la proroatcd from mor^Djc any xr^atu AHancc, bj 
the proj«GUoTia ^ 1/ on Lbc arch, whic^h Iei itjicir held down hy Kht book u, 
Ag. 64S. The apparatufc remains ia contpleta order after tb« pttrtlDg or 
the attaatun?. 

The po)c« of the mofiLot arc modc^ tn project obaro a \ii\Xt IMe, ia 
order 10 ose it la txperlmoaU uu ilinoiui^iL'Jtiam. 

In orclcr Ici otilftin thp matlmimi pffecf, t.ho rt^slfltiLiirn (if thn Imtlcrj 
tniut becqad totliDtorthccondiictorit; kncwin;, therefore, the rveiEttanrt 
of one domeDt, aad tbo kn^b and ihickncaa of tho wf re, it U a matter of 
KlRipl^ cttli-nTation whntbflr Ihir Hemonts nhonld b^ oombfned *in(T'r, or bj 
IwoB ur tfiraes, nr usud w « ulngln plHmcnt- Lot jV bu tb« uuiuber of 
elemeuta* ui the ro^istanco of one of thorn, I tbo roel^^lancc aport ftoio the 
iMttorr, and n tbo iLumbvr of paira to |3Toda?e tho siaxiinLiiii ofTtfct: 

Iban n ^.j_., and — imlra urn to ho pombmod !n one, UiLTefori' n 
\ w n ' 

mu»t hsve sncb a va]e<> &b to make - a whole Dumber. 




L 



II t> irell to Eoark upon ererj Kncb Hpiral the leagtU and tbtckii«as of 



STl 



PfTTBICAL IXPSRIMBXTATIOIf. 



Ui« vrl», trtL iticugh there bo to fttttsnt neowdt^ for knovlBif Hs 
w^e; \x tnaj ftlterwuiTb be r«qntreil for other parpOML 




>V' ^515- 







Pig. Ci5 rtpr«aeuU tu anrmlJire Tur lefttlrjg Uie vtrength ol Ibt 
AOparftklj ; abna^a' 6' nr^ Iron ticrews. c- c a thick bran pbu^ ud '< 
abnrorbeocb-wood. Tbo li^k ^/i«DvJt^^ 
bruir_ As lh(? atroot^tb of th« |M)l«i dvpaaii' 
ou tbe iQiuH ijf ttiD vnofttitra, thtt tiktmhV 
luoAt b« flei^nl iiicbea tbicb. 
[1114] Hf^motizing: hard 

ur^L^r to impiiri {itrrDuijcnt itugnttlSKi to h>^ 

moterriof atU-wnpp«d WirtH 3fiul]io<tefftlicL 
inlo a CL^il, Lito fl^. &lfi. Tbo «iw «f til 
Itiner jpiuw i1f;pi±Ddit on Ih* ritff of ih^ JftepI ; tht If tiffth of Ibo ftxl> of ih 
cctil ftbould uul cucvii 3 ctuliuut«T». l*]iu:e the hl«el viUnn Urn c«ft 
tad puA through tbc Jatlcr a poworfal carroDt. ft^ta Orovo'i HUcfT> 
witb abott 10 Equare iai^bes of pUtina, niovmg Ihe b«r $ to 9D tioM 
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bftdt ftoil l^nrvd. AiTQBt th» m<Aiou ftt tho middle of He bar, tftki&g 
(^tre tlint oorli huK hoh hisun [tA-^vn] ihrongh thn coll an fi\jin\ niimhor of 
tiiiic% aad brook iho circuiL IT ibo but lie jl honcahw, v-pplj ihc onuK- 
tuf, ud do aot romoTO it to tAke out Uxe bar luiUl ttic cji-uit ia l)ti>kciL 




Thift mclbcd Je cot adTAnia^oo[L», tbou^li less tri>Db1c«ouic, qqIom a 
pomrftl cuireat can be obtained. It le mQcfa better tc omploj Ibe Aune 
vrire tui*l ibv Khmu currtmt lu uihgEit^Liii^ a bune«}iue liar of iruti, 4 ur 5 
pouiii^ ill wcljfhl, And tiAO tlii4 lo in»iE:tioti£e llio Jttcel wllb ibo double ei 
«TMi tfae na^b toach. Tbc poUfi or tEiD cluctru-mn^rkot moAt bo cIorc 
tcgetber for tbe double tudtb, else £i Ik ejtt t^ proitnre m^c»«H[oa [toloU, 
\Fltti Tery poirerl\jl cuiroute iho doable toccb funaot be n»od, bectuac it 
ift van to pri^duL^L* ^anh points. 

[315] Electro-magoetlsm as a motlTO power.— Fig, 647 
r«pracot« ft 'rcnr simple coDtrivoucc for prodnciuBB continuouji roiatj 
motion, bj EDeuiji of ^d electro'iuaj^net A circular carhj a bh m^dt in 
th« boeid ^ AV Hg. G18, and clividod ictc two «qQ»l perU by a pArtilioa 







ii 



^^^^^^■hting mbttuiif^c^, 1 or two Unci lower Tban ibe depLh of tbl' 

HimHWlbc-ti ibii^k. A paiptLd »iev\ win is drircn into tbe prcjoctloo 

kABtukdlag in1becGDtcrortbocivrilTiO>y«ckitigit^lbaluiQd'mo imtl 

itrUciogthi^} Ao iron rod, nTuppvdvUb Uiuul&ted copper wire, UbalfiDced 
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OQ it\s plTot, SO w to tnm ttt^ly Ufc« n nofnictic seoiUe. 1%^ btr 
1>« fOT«rc4] vkh siTk. snd vfre ooTled eronuil h. h«eiklng the ittnti a liiUe 
ttu; kpart Tho end« of tbo trirv oro bont ilownnanl, mail dipped loto 
tfa« mtns^rj In the cafUf JQ«t doop <TQoui;b to atcbr tb« poititioi. A 
copper wlr« ^ J connocu tbs mvrcarf tn «aob half of tli« catItj with a 
bttt1«rjr. Tklurriiry ia pouruil into qeutH Hii]« ontJI tliu conrex norfbco H«h 
frboTo tbe |>&rljti'>a but doca net flov oTcr. A b«MDfl|:BM« abodt Ihe 
name lonxUi <u tho vlcclroiaagnfit, U fix4)4 borizontolly ft littlo way «boT« 
IL Till* ttctfon of tbe fi]>j>iiralut lit evident 

Another taon o^rapllcdtcd apparalus for the Mine purpoos Ia repre- 
tftrtod in fi|f, G4Q. A boretfiboc nu^eC is fisod nprij^bt oa ft bov4r ftnd j 



^. (Id 




tli« clociro-ciftf^ot A B miuk to revoire ftbove it- Tito uclo of 
rarrict n irooit^i dniin, to tbe olrcumf^roiico of vrhleb two brait p1»td 
un.- nkaleued, wlih ft Bpoct of About 1 liuu between litem ; oae Cftd of tho 
»i|iir[il ii K}Ucn^ to «Mib of these pbtcA. The vacant ipootfl ftn »1 1^' 
«iidt <jf a (tibinclor, nt right anglea to ib^ length of the »loetro-cftftgnA 
Tly mnnrm of the molallic ejiriTigs / 'j ^ t^iiuininiiloaiion U mtd* wfib ^ 
b&Uery, nalil the elvctru-ma^uet pjuocs the polc^ of tbc st«c] map'^ 
wlun U is brobtfii, »d tho curroat tnmtdiately pftsod in lh9 oppo^ 
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tu 



ditoction. Tb$ Mctfon of the cprinss offers more rcuttuicG tbAu th« 
wfrec meal in pftuini^ thronj^h ib« 1a(^^L-u^7. 

AchtspftDtlMmple Horling ftiifiaralue f> raiire4enl«ii Eu fijf €A0. The 

l'\g, A50. 




^eolrO'Uitt^net ^4 ^ is 4uWitiieJ for thv itvt-l miifrnct, Thi? conilrui'tiun 
of tho appamtflB i« evident ftotn lb>: dranhi^. Thu bmiibg'itc-rewd a It 
art ooauact«d wtlli ihe vriro of Uio £xed mnirnot, and c (J mih the oppoilto 
(Sd« of Ihe mercury *>fip. U ^a letter t« tiupToy two Keparul* ourronffl 
thfto to fciid Uie eoiQO carreiit tlirt>u^1i lolb aplrdla. In tlm lultfir ra^ic, 
tbo current mnat enter at a ftod poM oat nt f, b ftnd <f bciaif conne^^tvtl, 
Tho Bgtire U on « eca)^^ of I to 5, And It wouTd r^qoire & sirong (nrri^t 
to niiflR ihn wntj^ht. (v]irfii«i^ntpd. 

[aifi] Th6 electric telegraph. — If m wcll-tnttde irorklnp mode) 
cftnnot be obtniuod, Iho JipjmmluA tj^. 051 Ttili acrvo to ebow bow t«l«< 
gropUc nfgnaU ofln be mnde hy ekclripity. Two bonrdH, M Jf nnd *1 f . 
are QxDd kL Hgbt oiiglf^s lo micb otW, niid To niit; <>r Oivm U tLllacb^d a 
litUe deetro-mftfoet of fofl irou. A bmnll du<^k b^^II ia fo^tonod mat ii, 
Tbe eodB of tho tpimi ar« fut^nod to M A', flbd eotmeeled vjth ftaft poles 
of a diilAnt bAU«rj. Tln^ wlrt^ /^ w'btdi surrvw an a luium«T, ia vlaitk. 
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aad has optjoeii^ the tuaffuul & pkte of soft iron. The podtloD of Chl^ 
wire Ami the knjctli of tlio crow pboo should be iiuch Xbtl «b«« frfffc^ 

the runh«r Unb vfU b« O-l »n ^^ 
■^< 0&1. from tUn niilc of tho bell, ud Ui ^^ 

pUto 06 liae from tho inngul 

and when [Utmcttfd by the imagD e "* ^ 
tUti uearvr kcul n^lJl bti 01 lji=^^f 
from th« bell To prcTfrnl l^ ^| 

nftvr th»CJirreoiceBsra from boL^^. 
Ld^ Uiu fannjdjcr r»t the; &rc 1e<^^)| 
from oj^tuoJ contAct bj b pi«ce </ 
pofter p&ft«d on tL« Iroo pTa^-^, 

Ibu h&EEimiT wlU be made to elr 3Xt 
the bell bj the ttKtirnatct attraction of tbo mogrti-t ajn\ thit Rlanti^itv of nl| 
iprlrig, A coEisiilvriLhlit nnmbt-r uf <*tmvi*nliQUHl »lgiiA i^kq tliUH Lr m^ fa 

Tbe principlQ of tbe EaslLsb aoedle t^rl^^rapH ccm he aLoth wltb t6« 
gllvuoni«lcr> by inFifiriing a po]e-<!b(kUg«r, tad (uinf; a toij fccbta cnrT<<Mit 

^11] Ampere's stand- — A himple f^rm of tbls 1t]dlaperi«eft^);j 
Li]>|ianitufi, whtL-L in tolcr»b1; ett^j to mo^kt, h represeuted la ftf^L €fi2 Acd 
GAS; a £t c ere three brnai pltLtcs let into & pieee of h&rd wood, ttnir 

ng. 663. 





>i)ff(hlly cDiitvi KarfaL^Cj rmiug in tlia mulillp, u T?nr liltl« aboTC ibeiO 

CiiCc, biiL(liu|£;>S(;rcwa or vires bvia^ attAc-hud to olt ; uU a and c «(* 
concioctod «ritb ooch other anil trtlh Ihtt st^row nf bf a iriro roafc m tk 
o-ood- Tbo middle pUte le t.'fjnii^vtt'd wiiL ib« %vrtiw t, TWo odM 
|jlut^p :j &ud it. are fuUocd t^ t1i« bo»rd, ftiid upoa lUeae two utheSi 
I uid jt> tarainj; on iwrown paising thruoKb tbcm osLd tbe two fbmtfl 
C- and I ar« coritiocCcd b/ a block of u'ood Tiuten^ri by a tingtf *er«w fno 
Etrlow. «o n« to iirrn frr^tily. Thin bliick may tjr b>jii)i'd ailli Iriad. Jt ^ 
Aridifiit when the platt^A / k arc ta ibc pontlon fthown, u»d a or e cco^ 
(luctod wttb tbe pouitire poJe mid A with tbe Aog&tifCi tb« plate jp wDI ^ 
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rontirctpd wiUi iJio pfifillhrft; bnt IT tba/bs plnr^ rk [ndlcntod byihn 
dotted li&M, jT will b« coQiK)Ctc4 with the ncffativc and Ji witb the pcntiTc. 
Ib wi totcrmediiitc poeitiuu lliey will ai>t furm part at Ihn circuit. 

Two ihfc^k brtut wirtut, r « utd v^' ^^ fig f-ys, am inscirtrid En tho frndji 
oT £7 BcU A, tiiul fiutcued bj nuU [ieii] urcwii btJuv. Theuf wiru nre boal. 
fti A li^l ULgla Atid terfDiufttc In mercury cup*. nLich etaad vertically 
orer oaeb otfaor and bhotit s inchcta apart. The wirvA clta ftvpamicd by 
faHs of wood, BOd tlie vrhokt wrapput) wllh bIIW, Tim Tnt^nrurj cnpv are 
v«rj shftUow, and » bit of wtttcb-gluei U (.^eiucuted f^'itU HC&UQ^'wa:t la 
the botom of the upper oac. Th« capa ^boultl be both nvcUjd nnd 
•oMmd to tbe wtr««. Btfore me tb«j eUoold be torapM Ul^ht Sn apotft 
en Aa iofllde. 




[313] ThO polo-Ch&llKOr, — Amon^ the eamcrouit coairirenctt 
for itiEn paqiuw, hona iccnw to tla^ iLUthtir ai> eiully uodersUiod na ttw 
ODC Jntt describvd, Ttiutie polo'cbauiu^n ftro prcffirftblo wbkb do not 
rcqaire the aw of mercury. 

It U coaveuii^iit to bare fi pol«-ebaug«T Lidependent of tbii nst or 
Ampere^ itand, whteh can he maile b; pnttfug bbidlng-arnvji la ibe ^Jiu^o 
of the w]rV5 3 ci'. fi nnd ^ (fi^T' ^'^2) bcmjr then KopcrduuufL In ualnf; 
thb poI«than;fcr it in inip^ruuit uut only that tbe courao of the curroDt 
•hotiM l>e pprreotlj" clear, but thnt the InHtnimrht KhnnM rnrupj llltln 
«pACc, ami he co*ny iQWTtcd in atijr circuit. The poJe-changer devised 
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by Pror. J. Miller, and repr«Mfitcd In fg, HH, on m bchIo of ^, i* 

Ed aI] tho«e rcspvcU It (-(inftfjiti In n UQmlfEii cylhider, lunitui; ou Ul 





axis tjf o crank. The ends of ihla roUer iin bound vllU m«Ultlc 
7 A, to whk-U tbo metallic plotcJt i jt iwd i / arc «old«r«d «n opiw**^ 
aMes. Two of thette, J kdiI i, t,ro of tU4> «ftm« b»adtli w tbe rte^ ; M 
tikc otWr two, ^- avil / extertj l>e>o[id the miiJilTe of tJia roller, notv N^ 
ever, to t]ic other rinff. Tic fuur biadiojc-scrcTii. a & m n, r«ft upon 
moUlllc tfprrn^, wkicli rub aj^ainst tbo roller. Th« «crav£ a ttad bv* 
conn^M wttli tbc potes of th^ bartfiy, and tn onA ti ulih the rat orib 
circuits la tbo position shown in ihe ^j^otd, tbo carr«nt go«afrMQ«l' 
the plate \, thcncD through thv rinf? nnd the plate Jt to m, from vhiebD 
pass^fl through iIjo Tcqoiroil circuit lo ti, and ibont^e Ihroogh /, A, ivd' 
hwk to llir hntlnry. By cnoliiiig a bntf turn of ibi hnndln. Ibn iiprbi|f a iriU 
fall oa i% iiDtl tbt> current wUl pAe« from i to n, noJ Ibecf c tiirvagfa m, /i 
A, find d, Id a direclLoQ the rerene of the former. W]iea the ana i If t^A 
torticnl poit!tjon, tbo apring* m n rrKt un wood, and the ptreok Is^ thfW' 
ri>rL\ bmki^ik. Cart- intiit l>c ukiMi ihul tbu spriiL^^^ btr quttr vmnalt^ to •* 
not to abrude tbc plaUa, othorvrint' ihv particlpa cf ni?(.al «il] rcndor ^ 
voodon oylindPT A conductor Whonthe ptate«(u-aKnad«of the iliclcu* 
utdlcatetl iuthr flgun-, the Mpiinga need cot loai^b Ihe wmkL 
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Bf mzns mttanrj, a Tcry conrODlcat polo-cbaa^r Ctt be nidi at ft 

trtAln^ exp«nie. Take % boftnl, ABC, fijf. CA^, 3 Inctuf vld* and 4 fn 

loagUi. awl boTD In U d boln^ 

bair ft& inob b dbmcUir. ■'^?- ^^^- 

Fuua co|>par vlroa bj 

tfftpica in Ih*'. pncftfoTm n^iovm 

bi Uw figure, keeping the 

two whiob cfoii 9Mh oih«r 

i^rl Fait^n two hirnt 

wUm Jii a bit of W"(m1 us _ _ 

long u ibc RjNicc Lotvrccn ^ ^ 

tha hole* 5 nod 6, luid (LcroM tho«e raatn; two olbefs, w seen In Ih? 

ftgurv^ jqtt lonj; euctagb to tlear tbe board wlicn thi? Ilr»t two it&nil 

uprigbt in tbc bold 1 4. TLo Icwt itepaljo will throw thb cn/llo &Odi 
ODO ald» \<i tbc otiicr. FilJ tbc bolc« wiUi mercury, and nmnlg&Djate tbd 
otitis ofihQ wfr^j, QiLtl tfa<.' ftf^pfiTAlTifl \n cnmpl(tf(^ n^iin curmit U ulm[ttR>) 
at I Ahi] 4. noii ffoti i>ul ut Ti nnd (i. Tho arri^wn bdtcAte ihe courM of 
tiio cnrrcat for the pOBilfcn ^T<^n. 

C^l*] BOtaUHR conductors. — Th« «>ndncn>rs to l>?i lionp in 
tbo «ii« »■', fl(r *iOo, arf miuic of noiijirr witviL, well wfiLppi»il witU nilk 
ttt tbc poiot nbcrc Uic; arc tied together. Tb« »Leel polntd ore ftoldored 
to tho copper, auJ mait bv bri^ht«ocd bihfore uflng tbo oppiratu8, for 
iron b PoniAct wiib copper rqrtA ciaftHy, «9ipc<ia1ly when «old«Tcd wltb tin. 
Por lh.il rcMun tlic polntn sboiild aol be lunde of rcrj thin wlro. Tbc 
copper flhonld be dilUncil, and tb« poinU lotb riret^fJ trnd aoldcrcil. 
Tli« lower viro, which tioed cot bn pointod, maet bo enactlr ia lb« uiii 
ut ruUlEaii, olhcrwlnc iho m^^rcurjr u-Hl offt-r tim much rpsisiarir^a la \\k 

aotlon. Tlic condoctnni, ^gt. GSfi Aud fi57, ttre xuuiit u tar^ ns Ibe 

borUoolol onDB of tbo mipportlng wires wlJI odmJt 



/^^ 66G. 



I^g. B6T. 




£ 



To >bow tbu ufTei^i of tt KH^oiid camint, c^onducton Gka Hg^, AAS and 
659 ftr« prtfcnble, bocftUM tbcjr ore astatic iti roapect to tie terrtalrial 
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nugiiifliim. The first U for borUunUl, lUa UtUfr for itrticil 
Wkero tho wires come tof^ther ihtf am io«n)4t«<l ciUicr hf »&tMcf 
or hj wriLpping one with ullk, utd boood together tritb 



i^-efi8L 



/V^-W. 





f^. G60. 




U 0^ 



Im th« ciondnctOTS ng«. G5fi vnil <>3T, vq muirt baie tvro wtiet 
lie flhapo of dg. MO. 6ttlag iiilo llie Uuitiuj^-iiucfrft (i «', fi|:. ^i^ Tb* 

OQO must be hcwU ho that it« «tniKht 
tioo nrill ^ukd qjnif^ht betw«oiK the 
rf mid f, wblh the curvb prq}eeU 
behiLd th« bojxrd; II scrvct to ciUblt th* 
BttroctioQ utd nptbioa fa«t«ooa the TOrti' 
ofti p&m of the von^lnrtfjrD. flgi, 657 v>il 
fl&9, the two n*d» which lupport lb« laii iaf 
noi Acting ea tbum, bcca«M the c«ni^H 
p&afies In oppwito dinetjons ia th« iiriV 
Tt rvqnlreit n t^lenblj Htrong t^nrmnt fur 
thin cxpcHmcDU because U ta« n convder 
Ablo cIrcDJt to trareno. Th« H^'t-Obd vim, U1to A^ 660, 1« b«nt M thit 
vben Inserted fa tha »r«vttie iilmjght part a tvfll lie In n horitonui 
pOHitloa jusl U'touv thf^ bumufiLnl part uf the coQiJucLor. fi^ iH^ 
ojtd G&3, in order to ehow tbo effect of rccllJincitf cnrrebt* cnMriofC o>'^ 
othff, JH 

T^^ 'icfu'. Tbe onllriftfy form ii repreeeoted in fig. 361. The wS^* 
bei^i;!! la the taiddtc, p*MC« from one end to tbo olhvT b tb« iui« ^f l^^ 
iplral, and laakea tbo nurnc number of lurtia id nttimiog tn Iho Midtf' 
The rings should not be leu iban 3 inches in dlunetec; and 
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tntftlK tliQifi all lij llii.' Auuiu dir«:liiiD. Smal) ring* gire tbti >1>INI< 
mtns more th« form or a (anf^ct. but tbe^ Iiato i>ot BnDckot rotoi7 forcc- 
rh« rSogB aro tj«d witb »iJk, at «qaaJ dUtimcc*, to a ulip of rood. In 
th« form flgnred, U Is dlflloalt to mak^ ibn Hu}^ ii4Mii1;r^ Tt fa vttiifer ta 
mAke the cod enttrel^ Qrat, Ud U to the bar, and tLeu Ivud the eada of 
the «ir« tog«th«r, Ag, BBS, in the conkr 





Tbe ends or a eooond b«Ux iir« iofiertixl in tbo bin<lltg-«crf>ffB d e. fig. 
654, to lOiov tbe «flWt of ti?o liellr^ on rnrli mbrrr. Wjf^y hnll^pji do 
not vork bot-aUKc tbcnire In too itlRikdt-r; it ohuuldbc vm I tiiitlimclcr in 
thicbut!iM. Th(>ro U !on to ftar from tko locroaecd weigbt IhaQ froia 
^DreobUng th« curt^nt^ for th? rMiKtntite of tho hcftU U coinddornblA. 
Tlie iiTtiou ijfa ulirp.! nin^nt on tbn belii rmi be sliuwu uticlnr Mltniwl auy 
ciicuiuataDC^t but wltU terrt^iTLJil maifueliftni only ft ti'tjuin'^ nicer cOD- 
atroctioii. Thii nctioa is tiuAly toea in tho coodnctorE, ii^^x. v,iiV, aud 667, 
bocwuw i\viy are letr^. 

It should bfl rttuarksd of tbis apparatus tliat ihc dlriiti>ii of Ibe cuireot 
bctvrocn two ron^ucton Eoibboi botli bratichca wcnk, oud as the; aro 
OD^aal, tho r«wtU fu oftvn donbtfd, tmlen a strong carrent cau bt< [■ro* 
dand. It la belter. In sncb a ca«fl, to paw Kcparalo camuit« through 
tLc two condnclont. A Grorc'x baltcTy, with tO to H tqaaro laches of 
platiuft, is aufficieat for uny furiu of tlie oxperliaont { or f.\x Bunseu^ 
H«»ni«nu, ihrfif^ hdng naeii for the fix^d and thrrn for the raoToblr can- 
ductor. 

If oaJy lifDllcd cie&DS aro At oomEaondi the aund maj bo made Iq the 
form of fig- ^ti'S ; the two rods then [Lttract]n(r und »pp|]ing the rotnlln^ 
cooduclor* il must pinoe ii^plT ia tUu pluio of thecto rods. A siu^lt 
Wolhuton^B olcDicDt Ea raffickat for this. 

The ftttnctioa and rcpulj^ioa tony he oxh!bit«d well 1a two ooEls of 
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copper ribbon, Eatip«Dile4 bj Btnps abooi Z foot loe^, u »>«n Is tg. 6(4t 
t po]e-cbaiig«T being tniirineil iti ciiu: rin-uSu 

iV0. GfiX 



/V- ^^1- 




t 



[320] Floating currents. — The cwkrt mode of sliOTiDg 
v9i?ct of magDiU mid larruitrinl iua^'neU>m oil ft inoriblo OQtTOfttf ll 

flwt ih* <-oDdiiclore. Take & WoUsttott'* oletneo^ "^ 
^' m«do of 1 to li fipiftro iodice or Ihha tiao. SoU^^ 

copper wire** l to si niiUicD«ten tbick, to boUi sKAAt^^ 
nnd ilo th« f lAtM tog«tti^ wIUi w&xed lbro«4i Tl^ * 
clistucat taunt ba nude M lii^bt bk pomlbJo, tltst ib^** 
winr maj bo Jar^r. After tbo platM n« pc^' 
"■thct throft the wlr#H through a cork, bend tliov-"*' 
■\) u r!t][-H imd kuIiIpp Uirm titgcthnr. Tho rfit ^ 
may be icadf cr AOTOnI lunia and tbc ciiili woMcf C^ *^ 
to tho platvt oittr boiDg tbnut throngtt tbe oortt^ 
flg 665, If l'h\9 element be floated on adddbl^^ 
wotor, tttc rinK ir^l tako a poa^ilon at ri]^ aogf^ 
1o tb« luagDotlt! uiGriiluLn^ or paralM toatfriJ)ft>( 
corrvTit p&oln^ orpr il, Ttio eflfect of a mapiet l> 
moxt Htrikiujf wbmj It 1^ bat little looger iban Uie 
diumuior of Uio iiD|f, and ii bdd boiaofttallfM^ 
the wire. 

[S31] Botary apparatus.— AiuoDg the nriooa cwMwwwt^tv 




rHTSIClL G:XrBIItME9rrAT]0?I. 



303 



Fi'j^ 6Cfl. 




laciDg tho rolfttiOEi cf ft onrroat aroaiid o nugn^l, or m^ v^raa, Uio 
foUoving Are ncrthy nf noting for th^Hr iLlmpIit lij jtnd ccrudntj. 

(a) IlAt« B Imj mode uf kIdc, lik« fig. 006, 
with A brotd «trip of copper eolderod aerobe tho 
mli^dtii of It, fato wblch (vrow « «toat copper 
ttiru, UTininntinf lu a mfnrurj cup. Fill ihe 
iTfty witti iLciduUtcd wat^r, ftot It OD o little per- 
forated itond, tij^ 6B7, and plooc tbo ttocl pivot 

of tlie ooppi<r eomliLclor, llg. GG8. In Uie niercurj cup, lutii ttic ring fn t)w 
liquid. If ihir polti 4>r a maK^*^^ ^ ^^^^^ ^° ^^ aperture in tbv cuoter of 








< Afci M fvproiti^nEcd In %, 6AT, tW na^ will lie^n to rDl&lr fn^lvofl 
imagiiel, ftct^H of iosdatcd copper ribbon, oljout 30 feet lout; and 
I JmIi irid#, ma; bo laid around iho uuUide or tbo zinc dfc»k. The Jefl 
dik of fig- 4&Ad rcpri<*nnEi n modlfif^nllon i>f t)in tivmp npparRliDi. Tho 
Clipper bond t» tent mlo a atirrup, bj wbich the nholo appArt^tUA can bo 
ba»ff on oiif^ Unib ^f a honvehoo maguet 

(6) The rlpbt tfdo <if H^, r>6Q r«pr«peTit(i imotljcr rotAtfng bttttf^ry* A. 
vooden imp u tx in clipped uvtr llir vnd uf u hiinieY}LCio nm^ntil. aiitl kr^pt 
Uiero bj & sprinfc- Tbh cop coaialce morcur;, and n \\\X\*t coritj b miMlo 
la tliO pole of tbe mafn^vt in whieb a pivol nrAU, ruppctrting several viroa 
vblcli dtp Into the mercury. A poTnlnl win* from tb« rod t» Ihi^ mlddlo 
dipi ifito a mtrcuTj cnpon tbo top of the pivot A rot&r/ moLloii bttgia;! 
M MOB aa this vriro aad the wiro 6, eomranaieatinft vdth tho tncreuij [n 

a, »re cooDOctod vrith the battery. 
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(c) Fig. ATO r«prw««ntf ibe i>jtAiion of b h«]rx nrdOQcJ the pok of * 
lu&^Qet, ihti [Mjtea hmig cli^ji^t), tu vxplftlncH) in ^ 3ld. A t>or«««b« 

migiivC b nippoilcd oa ■ 
linM» tripod, ihkh cftn bi 
need tor tJie roroj;i>im|r APP4- 
miiiR. niM Iti lh« f«iil«r of fl 

tqbo o. Tliit red lappctti 
a dHfl; of wood, wiih b ctrea- 
Ur luiifn tir tDprrtir7. A 
Low Hm of ^M or phU- 
bo^fd b njL«d troud It* to 
prevent U)« ffpait«rlof «f 
the mvTCUty. Bibcb lide of 
the bulD U conb«<t«d bj w 
omalgtmftUd win with a 
bimfia^-H-KTv, oDP of which 
Eb vifllbtc at c. The rod Z*.^ A 
pixuc£ Ibronj^b tb« bloclobfl^t 

Wlthcillt 4?iMDlDD0irftllOB WfflE^CJl 

the mctcDij, ftod bos a hi»I^» Je 
Id tbo top, ki irbich th^^ jI 
pWoi of tho coppor b«r i i^^^ 
larnA fMlj. Two oollt aK~'W 

wiro « ^ coh^itioK <■' IS 
14 turns. Amaitcd ia 9 or 
laj'fn, Ar« fulPn«d to ll>^^- ^ 
oiid« at this bfltf. One 
of each cofti a tied with 
to the bftr^ uid tJio otb« ~ ' 
r-nrHorl, wfihont mntvC-'^' 
tklop^ lh« bar to the ccatrc^'- 
where it dipa Isto the tner^- 
eiirj. The eamal tnvvawtf 
tjulh ruili ia th« nmte ^irte^ 
ttoD, oed thej relate like bi? 
vicctro < magnet wheci tbf 
b[ui]TDg->r!rev« bm coniert- 
ed whb a batlOTjr. 
(d) The following >pp*- 
ratofl prodncen rorarj motion vlthoni the ifd of a megovt, J, If. 
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Sua mcretiTjcap dlfldcd into twa iinrU, vouml vrbich h |iUi-rd n riug 

B H, fonn«d of thrvo lajen of laBtklatcd copper ftin nilh G lurn» in 

McK \9id ia a groovo a a, m moh in la^ron m Hf;. ^-T2, 

Th« «nda of Ui« win nrv ttniulg&EDJileil luiil throftt 

ob(i<]U«1jr tliroo|[h the bollr>m lulo tlid m«rturx, oat od 

GMh aido- A nocond rinj; C G, cxocttr nimilar. 'nm^ 

on lv<xy b«ftricgi nrounil « «t«e1 rod, tg S13, li < 

tlifi €«nUT of lie roerrnrj cup. Tiic lowur !j'',h ii. i^- . 

OD n i>rua dhouldcr on the rjd, nnd tho tuds oi tau wir u "- —^ 

dip Into ibe morcnrj. The tn^Kury oap I0 fljied on n l^ase fumifcliod niib 

l«tt«l[ng-hrrvvfi, nnd wtT,h Hindi n^-Mrrr wit r-otinectfTd m\th thr^ uifn^urj. 





*n9 carttAt divides lUolf pntt/ equnllj between itL« two rtngf, nod \a 
t%v«4'jind In the moTnble one. The axia of th^ Inner ring mTght he madq 
to turn with it, 

((f) Tbo euaifiHt mc^thod of mokmfc n mngnet rol4te hj a galtncic 
cnrrvoi Is repirfiwDi«d in teotjon In fig^ 6:4 ^nd 5;A, A tutobUr U utt 
In Ihc bonni J/ 3/ npmi iJin biiltnm nf whldi it Ermcnted A liil *it wuod 
vitb A «Uo] p;iiiii in tlic c«u1«r Fvr th« rDB^ctn t&he & bit of rauad 
F nie«l, 3 inobsa long and S to 3 Itnea ihich, turn 11 nccurntol/ on the ibllic, 
th«n linrdcn, poliiih wilh ctncr/n nnd mngnvtii^a It. Fit a cap or hiiril 
L wood or boLt a a nrou&d Ihu pule N. md b«l llie m&gnet bolwcen tlio 
I 0tMl ptn bcIoiTt ftnd a ftcrow b tlxcd in tlic fcruM brace c d, illowiafc it a 
I tUll« plnj. The wire c h bent iaU> an clastic ring, «o na to Gl ciotelj 
I agniniit lit hnltle of llv glAia, and amulgttinuted. Four soow laercar/ iu 
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tto onp a tfk ftfid ooonffd in tbo (urobkr to baoy Bp the iu.gnvt §o thU K 
Till JnU float ^twen Its two teorlDgs, ami tnm riff corfly. Tbe •»«« 

b 





6 lun&t wufL ralluer ^til1lJ- Tin? Imttoty h cuimcvleU vriib tlie vin e m 
the bnco c il If Uio cap be placed oa t1i« pole 8, oi iho currrat n-rt 
l\u» tDOLgnet will rotnto la the contrary diroctJoo, 

Some auch rofary aiT[mmiiiH tauni be exMljtl«(), aaJ tlie «ipluiatlon ^^ 
oUicn viU »crTo as a Kood tiuk for proct^co in the theoi7. 

(/) SnEEIKSVTS ON INDUCTIOir. 

£fiU] WiDdiDR insulated wires.— Whea ululated vire« 
wonnfl on iLpools, tbvy ihoald be cLtljtr vo^deti 8|>oeb trtUi v«f7 tt:^>'i 
wiJltf, ur tiibn of pttatebuDnl wiib woudui diika, about 3 Uau ihhk. ^tm- <^ 
to tLe cjidsn In mcUl epoolii, tho ends alionld be S m[n£mDtcn ood t^^o 
thftft t milUmctcT tbiok; but tbuy muiit bo alit thcJr whuk length and c-^tf 
spooe niWk nitfiNoino non-ooDilucifDg mibalftnce, otlieralie feraodory c«f ^ 
nat« wiTl be InilLiccd, vhlch dintnrh tbe rtsuli In iHodlDif, a w«oA«a 
plug muBt bo lilttiU tjgbtly luto tbv lubiv lo pr«t«Dt ite being tatn^rtm^ 
TftrnL^i^fl pAper U litid bMvcrn lb<- «arD-rs1 Inyen, lo ibot If tlwre la mxj 
ifflpcifci^tinc b tliG biul&iiuu tbc currvnl rAnnot pun from vuv Uycr ^^ 
the other- [aiperitoiioiie of SuBulatEon sboutd bo metidcij doHitg th' 
vrtiii1tn||, br vr«p|ilncr varaitbf^d pflp^ror Eilk ftfi>nnd lh«cpoi. 

For i-xivriinriiLA uu ivnnicn, lie vin? mnvt Iru tmniNbird bafbn vfufiv 
To do tbii wEtlioat sIuIdie tliu wbolo tOK«tber ia « t^dlooa task. It <«< 
doac^ rixpidly iti Ibe open air, by fLtni^lng At mscb » diMaco fi^ 
»l ihul Lbo van»lt<b will ilry \wtorc H rtfnvhM It- For inaaypa^ 
pobca it a recemmeodod Xo ^Mtihh. i^jraover ^^'b la}«r ; io tbia ctit ^ 
pft|>«r ie reqoircd, bat encb layer must dry tb<»OBgUj. 



rETTBICAt. ESPBRIMRSTATIOS. 



3ftT 



wirw 



ihciuM 



uiTVthpr 



JP&7.616. 



cw be HODud tor/ npidlj and ^ntootblf bj fixtcp 
therpool in 6 latho. 

Tba eadu of the win** art gL'ntrilly thmit llinmgh the end* of tb* 
■pooli^ botlhej' ou^bt lit wJdkEau to Ve tiwi vEtL aiiDi, 

fSiS] Bibbon-COilB,— rJnl coIIb of copppr ribbon arc needed in 
m^ny «i]ier4menf4. Th^ ribb^ttt abould be of uniform breadth, end Ibf 
jt^DtH fllfd dosvD to Din thlckn<:^«» of tb« 
re>t A ribbon of iiik or wool n trifle 
vki«r in Uld b«tvB»a ih« eefemt tunu, 
nnd tho wbnln bnnni Auil nllh dill, Tn 
mo»t cotfot lh« coniLKtinp itrip most be 
eoIdvTtd on bt riirht %tjjc^^ io cho oo!J- 

A atrip ill loldcm) l<) tli4f luvLdfr, otrll 

wrapped, nud Irruu^bi lo tbv uutcr vtJ^EC 

M a ; here * ftrip if Mldcn?d at Tight 

■Agto, CO fit to lie flat tqaiari the vp^rnl, miA anoih«r pieoe st djhr 

mglet to th!*. whicb f« bcnl iml h1 K The tptrfll 1« ir>>nernHy rlowilr 

wrtpprf with Hbboti> 19 lomn of wbich drc ropfcwnied in Gjr. filfl. 





[341] Tho (TtndtEccnt*! lflw» of ^Irnntc Indartton c*n he 1llarmt«d 
ttflj linplr bf 1«<* upinitfl, A niid ^, f!)f. 0TT Bftrb fxmlntm about tOO 
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leet oT tt^ll-ifuoUtud virg; ood tk« erajUter ciui b« pLtccil tuiide tho 
IkigCTr irboKc (Vftlbi km vur/ ibin ; fur which purpt>H the cndfl of tli« vire 
tft thi-Li^i tlirt^u^li ili« liuuilk. Tli« cjJiader ^ U aIm boUov, to adinii 
tn ir^n rvd »botit ^ hncf tbick. To nso tb« ft|ip4km«4, eonaoai tb« oodi 
of ttke coil A with ft gAlfusonwter, uid B vlth the baU«rj, vfihout iuerl- 
lag the rwi ir iJ bu iiuu-kl/ pluct-d lusidv A the ^Iraaomoter imdle 
will ba dcHccUd, «nd ajc>^Q on romoTinjc ^ ofUr the nocdh hu eooe 
to roftt 'WbtfQ ii Is l^rt in J, tto u«0dle » d«A«el«d wtffterer tfao 
cfn^-aEt U op«tiod or i-Tcti^. Th« ume rvHull, uid ihbd stroDgor, U pro- 
(larrd bj UMii([ ft mngticl iDstcodof A The effect of tInooU isincreflMd 
bv icderiiog tht tcii, for the bjpothetlMl enitobt produod In U tr tho 
ciirroni In B, rotnte* to tbo mm* dlrttdlon ■« tbflt In B, For tJinv 
ex[>erimruu, tho gmltnutiiueter ou^ht uol tu hnte <iier 200 lo Sf>0 tnnu. 
Jf budloa bu futecieii to A, act! ihn t^urrtnl h £ inlcmxptod by a ipar 
vhMl or ft fin, ft Woltftst'jn't «Uai«nl, viih about J :! KquMX JDcheft of mt, 
will g!vii pitrcirfrtiblfT nhix-lw, mreii »ilh lh» ihun irinj. 

[32S] To oMuu ft very fiowt^rful kdnctlTO ftCtlOQ, wind 130O to 
W}i} feat of woU'iufulalod copper wire, } to j of ft miilimetcr b^^civa 
dluini^U'r. oTk & rvlLci Jlt like ^1, ^g. A'77. Ovi^r thK vmp hIjUuI 100 fett.^V' ^ 
uf wltv. S 10 S uiillintL'lert thick. Atlftch Lftudlr« l\» li^. 6tl3 to lljoe^ ^e 
end* of tho nmftll vrLro, which aro thraat Ihroajch tha end of tho tpooL-^XT 
Cotiiiect Gt\tt tod •>f iliii thick wiro wlih the pol< of ft bebl* ^lai-lef^n 
hbttj^ry, (n Wo1lft1tuD^l eterit«nt, mih 3 <]r 8 ^q1la^• Inchcn of xinc,) ftO^E^ .d 
the other end with a Ett:- Vlhcn tho other pole-wire is dnvft orer t^i^» Mt 
Cio, aiie one Ukiog hoM of ib« baudlvt, vl^ nioket handtf. «iU pfrc^ir^^^*? 
trrj iBfMifiIMp ffhnckit^ whii'h wllT Jm Inorcwwd bjr [uM-Tlinf^ & rod of trtiti aiv^ ^ 
ftbundli? ofwlrejiiMiidc the cylinder, Thi9 Imiidle ttboold W cofttcd with^Ki 
Beftlini^'Wiu. it'tg. 4TS r«pr«fi«iit8 tbo ftpporfttna oomplot> Tho ondt o^t f 

f\> 618. 




tbe irir^ to whSrh Xhv liandlox are ftttbchcd ihi^tild be fthonl 3 fcvt long, 
fjr tuiLiij ficrsoufl ftr« Ttry aeiisitivfl and ifijim tbe apptntnn bj throiripr 
tbe urmii apnrt It igwoU to difnct tb« penoo who recrirw tbe ehofl 
tc )«l the hftndlet Jrop wb«rL the ihock b too eortre; iboirgh thU li Plt«i 
Imposftiblo, on occouDt of tbe spftsmodic caotrftcUou of ilie hftoib. 
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se extra current, — AftT anitJng xuc two wires, attach 
a liandCr tun] a file bj bindrnff-scrcvtSj connect lbe<^lb«r oud, to 
wUch a fcuuidU U ftUftclicd 

b the umv w»j-, wUli liw '^'i)'- ***' 

batUrj; a penon tafahf 
bold of tbo bandlcN* vbilo 
tooiber pMirt the ]ii>]«- 
idro of the battcrr oror Uie 
Gl« irOl rot'oivo sbocha rrnm 
thei>nrofTirT«ni FIr. 679 
reprfscnti tbc arrAngrruent 
The Of jmratoa naj ba mado 
jnarh moN C0QV«nkat bf 
pI«4:mK th< I'ylimJcr h\ s 
UlUe rr&m«, AA [ft %g:. ^0, 
with two Jitllo ^D0T«i ia 
Uk«bMit< TMrv(-tr[tetli»«cd& 
The ends of ilic irJrc* on 
coDDOcted with four biocJ- 
lag-flCtvirij Ifko ft.^r f)40, ^it»nnd to tlift top of ttirr trumt^ 







'l"h*i fntfrtnip- 
tJonsorthe cTjrrcnt cna (wrci^uktcd better bj utaitp; a »par wWIh Ag^fiSi, 
stcocl or ttiti GIPh This v\nst\ U 
naJlv rn«taand on ibo top of 
fVnmrT. t|i« frre vtitl uf Iha 
q^Df b«lAf l& connccuon with 
tb» feinding-fcraw No. 1, through 
r)it(;h tJi« f^untiiit U mtrudnrvi] ; 
(htr wirv coDikccti^d nllU th« 
of tho wheel ifi one «&d of 
the thick spiral, tho oth«r ond 
bfting connoctfid witli Ibn iizikdlii^- 
KKW Ko, 3. Thfl enda of thy 
Sm wSre Are oonn^ctf^l with iha 
IcrttVA a nni) 4, tn whHi thn 
die* fere alloched for thv ex- 
onti on jTida{*tion, To obtain tho oilra CQrT«n1, conn«vt two bind- 
rwi bj H wtm. MO 1hll^ thii rnrrhnl wIlL irHieri^e (he wboltf eo\} In 
19 8a£DB dirtctioji; th«iio two (cnwa rnn^t be marked dliectl/ nfter 
iklnjc tho coil, r**r an error may nrlae ari«rwiird«. Tbo Imndlcn ntt 
icn Btl4LchMt lo iho ilikk airs eonm^c^tf^d wfth tho nxlH of the wheel and 
tlie end of the fine wire, which paaset to the battery. 




soo 
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[8d1] A Ttry duple anuffctnentt floUed Um mtgiutlc faiUDor, uu; 
ba aabiUtnt«d for tU ipnr wbML TiiUo \U tnm^ tg. «aj), bMVMa 

tmo okcli apoo ■bo*nt Ig- 
Fi9' <91- 6B1, Md paitCM Ui« iraa ro4 

ia th« ojIuhUt. Scrw ft 
piftco of toft Irnii b, vrhifh 
hM nndolh tlifhtJjr coo- 
Tcx 9urfs«o, t9 s bit of brMi 
xv\ui a, About a )Joe Uikrhu 
imil iiumtud at vw truii 
Tbe point U imolffooMfd 
and ft lio}« bond la tbo 
iwnterj by o:hlch It k riveted to & topper viro f eI r befttan Dat i&l Um 
uDtl to Mtic nd A tpnug. TUu buuimcr ib fitalvaed to the boifd lO thftl 
tbc iron viU ttriko ftboat the center of tU« cjCnder, Hm win o rf « iB 
luada long ooongli to reo^h Uu^ binding-kctevr 1. A second virt /^. 
tt;riuiaftttng Ed h IHIIh ainmtgftiDBtwl ilink. is aUu fs0t«Q«d to tb« boftfd. 
Tbc f ptiov of ttio ItftVincr i> » ftrrAnt^cd tbat the point jont tooiebo* Ibo 
dUk VL It 11 (WU41T to loLder & lUUo plau of plfttins lo thedifck A; iJm 
pIfiCD « 6 mS.T thf^n bo mnde pnttrplf of Irort, ftnd & liUln plftttoft tip 
itoldtrtd to it, whkb rendvn aculgaLiinUon iiiiiioc«tBMT7. Tht mio^^k 
fi^rcif id alti> j-ttraltfT hi ft luufr pi«c« of irou. oiid the appantKa ooiM- 
i|a«ritly a^in t>otl«r and vilh n fovblvr rnrrcot- A cLimnt Introdoetd ■£ 
/ niil purMic the tounc /^ kac d tt I. oiul pa» from tbeuco to the 
thick irfrcr, &ud otit at ti, TEie irou core U ttitirob^ DOfc&ctliod; iod 
nitntcU Llic LamTQur a b] lbi« br^iak!* th* current, nod tbo troo, kun^ ill 
fuajpa-Limn, the upring tsrrit^ ihL< hiuiLiucr b«L'k Ui A. 

Tbc 4«n« ntTMifrciDctil i:aa be oAtd for tfao «itrft cattcot It Is dooo 
tj DttacklDE ft Uadl« tj i> rf ^ by the ifstew I, contj«ctJiii( tho tvo wire*, 
and ouaohtug to ibtt rontih wr^w ih» v^conA bftndlc^ aad i]m vfro leading 

10 tb« bftttU^, 

[3^9J Koin^h bns doTbad aq iadticUoD ftppvntas Ttrj ««ll adnpted 
for Initmctloii, wblcb b rtpreiontod aboot i to J tlio raol i\nt In flg^ 64^2. 
It uuuiiiita uf tno cjlindiint fitting iualdc of «««h olbor, «su-h trrftppsd 
vitb about 100 fccf iif wtrc of dlETcroat colon. Th« inner otic Im boUov 
also, to ndnit ft bandlc of »ire<L. Tbo board A ia flcrcvrtd io Lb« biM, 
■ft«r fiuUfuiug tbe blodht'-durvwrt fVom belov, and hu< on apertnfQ jnaU 
lafffo CDouE^j tj aduiTt Ihv lar^r aplraJ, Tbe floJa of ihe ouitr or oTIImf 
tuUbT •pimi can bn coa(iD<;t«d with tbo acronn 2 ftad 3, ftird tkon of tb^ 
ntltcr, logetbcr wltli the wiref cf ilie gralvajiomet^r or lh« hafidlet, vtil» 
4 atd 5. The ciaoit loftjf be bcokvu hj tbe aiaguetk haomvn 1%^ 
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Ltr and the bnodle of viroa tuvf h\so be Temovod aad a mn^aotus bir 
lotrodactd mxo ib«Lr pUca, or Ut« outer spiral cQHuccEed wiih tLe Krei 

I 




4 ud 5 Aod tho gbhwioiaelor, whilo tbe [imer tipird is GODuoctcd b; long 
vine with tho hnitf^rr, rind n]i«rDftt«ly lDeort«d in Aod drawn out of tha 
^ntsr Thi* BpSmlB mny be uniiwl sq ihaX tbo current *h»JI truvew- liolh 
b th^ fuue dlrvuLJuu^ uei*! used fur ultfiiiilu^; tLu biJc ciutdeiL Whc(« 
ibo laciwii Rt ct^mmnnd aro only moiloraif » this ftppamtn» lA Tcry ffood. 

[331>] Wbtfn uf] opiMmto.* i« rtqaind oiewly tor thu purpoie ofgivliig-! 
tliocks, oue like fig. f3^^ will aiiHV«r, llie curreal Mag broken bf meiiu 
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^r tbc msf^uetk Lamuker. Tbo cpds of the »pirftl or? cobhoctcd with tbo 
v«T««r3 a and 6, and (ha poki of tbc battery vitb o ood n 



[230] Electrical tensioD on the Induction win.^H 

the cRlinnrv liHniikn b(i lafauhoil 1o th« «mU i>r tho tino niM of Ui 
ImlELclmn ii|ipiirmtiu, fl^. (>s1^ nnJ, wittinui being brottgli loto retail 
coiiUl^ IdU very dtJtK to tul ether, u {:i?a;ttaal»ucc>enioa orjiparlu vill 
be Bccn in the d^rk to \ttnfi liotwctn thcra vhllo Ui« tppu%tu b hi kctioo- 
A. brirlu^r tcnuoii cdii&oI, or ccurco, be obuln^d in an appAPilai trhoM I 
j.nirlB an oiilj sepcLmtod tiy wood. Thfl iron ro4 wi\\iih ih(? apiniJ kl» 

■ bccomrs elnlricol. and UllJa iparki put robstootly from it to tU btn- 
m«r, Jf blu <jf vtir« ba tortivDd to the binding; *orevri of tha fino vift, 
nnd lonch«d wItIi tb« tnob of a ^lillenf effect ront^T^r, ibe Imt«« »fl| 

■ dirors^ nnd ft pormunont dlverutav;c ma; b« prodnced bflightly tuuclii^f; l 
' ttio rilrullnjf wirt, which connot be produced bj a ccctianoiu coatacL 

Upon lnT0«1lgAtia(i the Hvotficilv witi ba rr>urid to ohgfnftt< from thv ■ 
i^prniiii; rnnvnt; and Iha Iroa core mantfetU lh« MOto oT«clridly 
ElixtndiT u d^Tclopvd bt tho ead of the oat«r wire onljr iriicti tbc inntr - 
1« touched wtih ft coDdsDlor, oai] ibea It U of tbe oppoilte kind. Id Gg- «> 
flSl th<? Indorlnif wlro ft on Iha auttldo. 
[331] Ruhmkorra apparatlU.— Ah this «piwrft(u« hu h«en^:mta 
h niub tAU»d of 3at«Ij. and 1 knov of no occ^arate dCBcriptToo of It, 1 vtirf _jn 
' doicribc one whtcli I n^dv foir mjnir T)iff fonn cbo«eii vu bnied npor:^ ^t 
one made k Parln T&r tho rulrerbity of Tilbm^^a. Tbv chaugek whicl^^^ 
1 iDtrodnced tvrc Ghtcfiy in the niTantc'^nicnt of tl3« hiunaxr, ud tl)« CO mi **^T* 
of ib« mrrenl on tbt^ baAv, Mr dciiL^u waf to ec&ble no to ftpply o-^^m 
pkuuro T^e iTiod« of fastening Lite hammer describe] by fllncteden, an(» ^ndl 
alao to coaoecl the coadonwr irith the indaciD^ wire in two ^flona^^F-a 
wnjfl, or to otuit it tfotirtlfp or *uh«lltulo fi^r il & LcTdeu jir 

TJi^ epirsl <if lh0 apfftrntHK k »oorid on a wrj tbin vood«ii BpooT^czjl, 

Mith n pcrfomtioQ 9 ccntiiartcrii !n diameter aad uttagonal md pi«c«» u »- of 

fflatt. Bglc«i for the piuoMEC of tho virev aro borod is wie of the en* ^^^ 
^^K pi«c«», and tho direction of tho coU ^m th«n bolM mKtkcd hf whtv^f^^ 
^^F ■rrowM pnlntfrd ori the glnn. Upon thbi ipool Mt< wound. Arti, foi^^w 
■ Ujers consUtfii^ each of 80 tuna of vin, 3 mrilEuelen thick ; ud the. -^ 
^^H 4boat 3d kvert of &00 tama eacb^ of wire wA qnito j nimmettr thici^^ 
^^f The rormer it vrreppi^d with wijol. nud rbe hittur vrUb tHk, kint lurtiUheiW- 
V Varnished paper !« plocod between each U;cr, and ttw two nirea an" 
I veparnttd bj a double foM of tbo fame, thtoklj Tamubed, and cetneftte^ 
I nt the oQdB td t]i» ghit. The «epfLrote layen of duo wtro were lof 
F' varnMht-iln In order tbct tbla expcnMro maii^inJ RiigUt bo attiloblo for 
I othvr f urpoicEi. 

I Thii spiral n»U on m boftrd ui inch thinlc, betni«& four trua^ultf 

^^M pieceBn \rhkh are glued down and au^wed fast from bdor, Uie hjpol^ 
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tmwe of etch hvia^ n<ticht^ \o rcc&Lv« ibo ^loxc plniea, Tb« ipirtl li 
lirai belli firmljr nnil cnii bu ruilj IJfltKl up ulipu tlia rnili uf th« felrvt 
MX deUchcd f^m the bJDdlnfl^'icixwB, Vlg^ 0S4 m^ 6fi6 rtpreiiotit ib« 

Fig. esi. 




W7- «§5- 




_-r 



1 



I 



^'^ 



^<lc -dvtr amii plan of tbo apparatus, The hoftrd J ^ can be Hpivrttt«d 
'V^oi t^o b4» jff H, (wbicb will bo montioiipj ]>r> < rjrl",) bnt u i>rdinarilf 

Two fftHpo of copper a o a, 6 fr, &ra inHrtdi in tb« bonrtl wf J, irhich 
ttro beat ai r'r^hx mgle« on tbr IaA, vn t.bnt n potn^rbnngvr ran h« )ald od 
tlft^m thero; ihof arc alao foniiahcd trith bimtin^-Kcrttn, I 3, to malio & 
<lirvct commank&tJoEi. Tho current outennj; al^ipuM into Uto op^ 
Hfcbt <r, u)d tb«nco to Uio boria:oitta} (cn^v /f, thtt lioi4 of wfaleh Is pTai«d 
^tfa pffttlnn, Troiu ttiii H puurH Into thn hAiniURr, which U hIm pinlina 
t^lfttod, wfl ilconndB throairh lh« stem. Thu stotn of iho baxQincr u 
blAged bf % KTirw to tho Iron pin r, Q^. (>86 ; the «n<l of tho thifk wire to 
b«Dt Into A iiD£ tind KorevrMl to th« Kftme pm, init JDto thin the <mmnt 
IMWCM- In order {>> lasnn; i^ fkcrfect coot^cl bclwoeu tbo Atem of tba 
haEnmct nuil ■*, n nprin^ r, made ofbanl copper wJrOr i«fiurtcacd between 
tb«m bj two little 9pt«w? Meo In Ag. OSft; It Bvrvcs nt Uie tune Ume to 



3fl4 
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Wiilk of wirM ID Um npirtiL 



tlio 



c/, ui to drftw H nvftT ftou tlu 



i^^. fiSt 




iwrew 

Tbii «pnnK not halck^ etrokg «aoQgb wtU 
IHivrerfiil cumnUi, u Um] spria^ 
/ U fibtttoQOJ lo e, Ut« prceurt of 
wliiob li roN:aUl4t4 b; lh« >c»w ^. 
ThA pin f enili vlilj a ftqoen 
liiTOj) liiiii & Mitfw. by which iiott 
t>a ^i«aed to ^ pl&tc of iron m i«i 
an faf!h vide, 1«t into Uie bttM. 
A copper w]r«, imemloned auhse^ 
quoullr.) bciit irito ft ring U Ui« 
onri, i^ si;rcw«d in ^vtwoen tlic» 
piftte nt m i^od the init la. Tbi^ 
plAta Li lunger thuti llie spiral, u^K 
h bent up lit ft right lULgle ftt th^ 
other nid, autil itc^ineft opporit« 
iho pTojeotbig pi>d« «f ib* tptaoU 
trirc. II«rt, horerer, it connal^ 
of tvo pir^cuB, ftml tbe upper p«Tt cun bo UvUn olT ofUr r9noTlagtfa« 
tcrvv o. It tho lUni of t^i4 hammfr b« of voD, Ito hftinmor u ftow is 
mnj^ctin i*oaimnTifi<iiUon nUh ibn bnnrllr of wlrp-» to the Rpind- Ihh 
cfto bo prcTftoUd bj nuikiug tbe «iviii of the hamuier of bnoe, byi Ibo 
Iron M m h aot ontir^ly ntthout cO««t oDtil Uio otbcr ood l« maoTtd tj- 
thoKTvir o, 

Thi« i-unvut l]ftTiuj;lm«r*iud tbt- tlituk vrjru pftoeti through tlia Uftdllf' 
acrcvi 3 and 8 back to ihc buttery. 

ri«Cin of ftofB«ivbftt ibieket vriro iir« auldond to tho ftodi of tbe In* 
wire, Mid, RfV«r iiuAEng oii« turn sroutiii ibd h|iquJ, tltmni lliraugh hda 
in the gloM plate, and Rutoncd undc-r littl« icrciTA on ihi; iPKulfttcd tftlto 
ft f, tjg& tr8l ftud B'^S. Uufl of the bDoba of tL« oroftt wirctt cui bftio- 
err^tmi) and aon^wnd to n polnifid nnppc^r wlm, i<i> ih>t difaftf tbe pdoud 
cud ot GUt wire cim be dirtsclcd tonord the knob of ihe oLlicf, orUO 
poInU or tvc knoba innied to^iird each oth«r. 

A wirv wftfl mendoa«d abori?, wbit^h van Rcr«v«d to tbo tncl of ib« ^ 
r. Gg. r>Sn. Thia wirr} u buut Iwicr eU right, [irigk-s, niiil lit* in n mncml 
CftThv 1 4 in the boord ^l J. pfiAoiiijc to Dm bLiid[n^'t<:rovr b, ooder «M 
il iu Iwnt to ft liu^ nud prcwcd dotvn bj the fcrvv, Tberg b ftteiA 
binding- Rort'W ui i]k-< boitom of thv p^lnr r. Hud lh« Undbg-Mtow ft niq 
bo GOooectod bj A wire tjilher nilh ihU piUtLr or with the tcnvr Xo. & 

Jn onlcr to obtnin a shock by Ui« Mcortdftrj correnL tlio b^pj^ BOfl 
errld^ntly be &tukched io th« btodhag-ccrews 6 end 6, wbioh ftff ivdi 
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iatihio (or cbis potpAMi. IT c b« coQaacud with Q. the fteeoodvy cnrreat 

011 opcDLOff b fllr«&ftb»Ded by ihv curmiit froui Lhe tiatterjr ; Iml iT 3 ba 

eoDnectH wilh 6, the «econdai7 currcot ftloi>o b felt 

Tbe >>ii)d^ng-tcreva 5 uid < ttr« i<c»TinG(*ud vith & cod- 

deniiFr plnri^d h«ivi»nn ^ A nn'i ft Ti, hj mpann nf cpfral 

i|»rioft of liard-buiim«rcd copper vrirc, Of, A&T. Lbo end* 

of wbioh arv r«ten<d und^r tho nuU wtiich hoM the £crai*e. 

B ^ U » rramc with a Ih1& bottom nntJ a prqJ*eHng rim, at 

ibowoLa Attctiiju iiifig. Ad& ^ jI mU \m Ihefnuuc, aail b held ia pl&ce 




J^.990< 
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bf Uw pndQcUag rim Thtf coEnlrnHi^r \r^ pbeed bi Uif spuo botvoeD. 

U couisU of ft strip oJ uiloU silb^ 3 mct«n loon:, cmido of wvcrel pieoM 

CMbntid togfltlwr wilb ibelkc. The «trii> la IV coutlmvun wido. ^ud 

eoM«1 nn both kMi'a to wllhin 1 rnntlmr^l^r cf Ih^ eflg» wlTh f.lii-fotl 

fvicocd on nilh ihdloc- It b Tolled 

Op AOTtnJ tlai«t tnd p«p&r laid Ijaiweou 

Uie ftild*. Tlw upper pdiI l* tnl out, ns 

'*pxFHUii-cl iu (ig. €89, BO ibuL tbe uppt^i 

^^a of (oil Is TEtEbk Di 0, »ud a port 

LJf tbo low^r tti b. <b*f lop "hcoi of tan 

J3UL«d inper eiUikdiDg oiilj to m n. 

^b« q»Uml BpHa^ f^m the scrowi 5 

ui4 6 proM G^a bra** pbUtf« laid on a 

MO h, D&d tte POodenBer la tbu« coo- " 

'^^IHI wilb lb* MKOudarj CQfTDnt, \\y ntilcb k Ih cb^r^i^ tjku aijj olticr 
^Udcnncr, uid dimborgcd wbva the mum drcuil ie cl«Md, 

A largu lattery of LfijdeD Jan, iDbortod in pluco of tb« concl«TL(cr by 
^tinKling onn nnathig «ltb \\\n pillar r nnd the other wftli »Tr?n No, fi, 
^U Id the «aiDC miutpcr «« the t'cnil«a»er, thoat^b kai powerfutlj. oa 
^ocaunt of th« UiLokDff«s of the glao. 

Tli9 battcrj enplojed idiotild conidit of not taore Ibno tvro paJra, 
^tlteraiw lb« lOBul&iiuf; lA}«r betvroea the luraa of tbc doe «rlre maj be 
^^okai Ihrooirb, and tho appaTnlnn peraiaiicatty weakened, 

fig. IJVU i( A pofip««tiTu vivw of ibo yfhyylt HppuratiH Troia anotber 
^cle. Tim po]e-chang«r \% left ont for the «ak« of hJinplifyfiig llie flgun. 
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Anj pol«-rbu>g«r vfll uiir^r tb» tAioe porpoie, bci fof pcroitifi 
ftttechmeiit to uijr appir^ttiB, tLat which cinDM v^tb the Pofia imtn— 
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r«pr«c«nU It »oct[on, anil Tig. G93 a mir of ;lu ....,i i.i ,.> A U}v»T)\ Ihs 

aptnl, bui ia » diHefnit 
>V,tt9L p<*,ilion from llf «l. 

^L ^' B^ U i» Berv idm|)1p. *H» 

l^t ~ M.-I ' ^^^^ **** *'^'^ cjlinJer * 91^ 

iu (ouiacl wilb the lilL^i 
llie eudi of the ^le* tij^"^ 

ttBoM bj •«Ntrt to u 
mnbt Urn conUct nUb 
axle perfecl, Tfao 
vbleh toteb Iha utu 
1iuUi?ai«d hj A mark. A 
iuMiL«lJ&^ bftiidle o ^ 1^^ 
attoehcd to the wtle. T«*=^ 
bitidhig-Brrovf •» e*'^ 
omri«d hjKprinipp 9»»i** 
the copper bdrt, the pilUr^ 

vbicb support Ibo axlo bcmfr acrutvcd down cm two other copptf A**^ 

2 y let iatf) the buo of the uppflrolas- 
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[333] When (h? Appftrnias la ia artlon. f^qaflnc ■vporlcK, from 3 to 5 
tillimeten or mori; in Icnffth, pM> bctvcea the knobs or poiaU vrhich 
nj conui-clvd v-[th tbo «Ad« of tbc fine ipini, bat tbcj't>^oiau mucb lean 
vv^RDiii, and &re reduocti to l«u IhftD 1 miUlmdt«r, u toon u t1i« eon- 
etuer im liken nut. An KKaminntlon with i\ic eltvLromrlcr pr^vcK Lhc 
nwaoo of free t'kctrkUy culy &t th^ cmla of the otiter vrirv. aod alt [larts 
r Ui« ftuao «icit« a turuiug sensat^cri irhea louoli^d, Th« oontiu'l n'iih 
It* f If^i^iromcicr mace be ttnlj momonurj, othcrwifit Ibe kmi'^ immedi- 
idj colkpae; tbu duct uut iiccor. Ij^wcTor, vheu a ninj ia cgiiuocteU 
ith xhv o]ci;lroTjLctcr, Ou< «il(1 of which U irTA|»pod with lilk iwd bent 
ito m tin^, aad ihti ticif^ broo^bt ia cuinUct with Xht: cad of tbo apinL 
'roA llie cbftniL'U*r of Iht- i-larirJc-ii^ mid thv 
novn dlrcGiion of the corroni and the colK it 
i tvidsntlj ddo to tho ctirront prodacfld when 
u drcuit U op4<ri«d- Tho inai-r end of the 
nrtehoivH free vledridi/ oul; hy ihu &jii uf » 
ofidoMcr, ud it U of tbo oppo«ito kind to that 
t tltft outer end- Umt vtrong eloctricitj ti 
«tetop«d here elao wheu t1i4^ ot^f^r cud It 
Iftced la ooaJiaaiitcatiQD «ith iLo earth. WUeo 
ki| le do&o, no part of tho api^nratus which i» 
> GQUimQnii^atlciQ wilh dthor wlr« cftQ he 
'nched wiihciiit n!<"oivfTijc vmlrnt *hoclc*, nnhtK 
^O punirii btf LiinaclT iiihulatcd. lu ^i'd(^r to 
^Tito jow, thoir knobi mnat also be providod 
ih A viro, Iht «id of whi^h ui wrapped mih 
k, 

C33<^] Bnt the mo«t benntlful cipcnuietila 
^h RohnkoriT^a apparatus, nr() cho«o inndo in 
^ftraam. For this [niTpo^i* Ihu rtt^fiver, tg. 
*9f Es exbdUAtuJ ijf air tu ouiuiiletT']/ u?i jiuvsi- 
k The barometer gnitgt miL^t M] ti> 1 of 9 
ttters. Oue end oftLo vriro ti conriufrtcd with 
^ lowor i*ii|i, K-nd Ihe i>thi*r with the Alidhig 
tl, tho oonnccling wiica l>*[«g fiiMuHcd lu 
^touted kflobs iu wbich tJiu enda of tbo Epini 
in&lnato^ In OTd«r to make the experiment 
TtTiiIith mntil W viuiiifVfr] 
tbo rcccirer. A eplcndid 
^PMun of rcddinh light ]» tbea eeen to p^xs from the positivo to tho 
VfMiro kaob« kvlili! thn TntiT U rntlrrlj enveloped la blae light, and 
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vparlu ftr» tlsLbk all over lU enrTac*, similar to tboet which «ft 
mdor iho int<rrofiYipv In Xcf^f V mppnratnH, ir n frit dropi of vthtrcr 
<ri! or luqicQtiiiT? be iutr<?ditc»l bto the rccelrer More Ibe exkMilisi, 
the fltreoin cf li^bt l£ intcTrapUi i)j dark boti^B, irUob AO*in lotiiTon 
tovftrd tbo other knobu If th* cnrront bo rtrcraed Uie b&obi «Uo etoag* 
wlor. 

[&24] 111 ontcr to sbovr that the infticnctism dortlopod in ft pitoiof 
EOft iruQ by Udn^tJoc ft1i;o prodiic*^ n current of elevulcUf It > vjM 
wTw, lAli« ft bit of HufI Iroci, ft niUu longer xh&n Ibo ftnnfttflm dTtni 
borAcsboc oujrQet. ronod It off tn th« mUdlt, ftad codi round it 10 or 94 
ht\ of copper wiri\ w> u to form ft «pImJ wtti^^li h1}1 |WM bttuwalbi 
poT^ nf Iha mngnol wltbont Iho ]PAn. rontA^r Ttw hoftnl ^ J9^i|i 
fi94 aitd fi9£. Ih cut out *o ■» to li.<ave iltfi oDd jt tlutkcr thfto tbe ml tf 



1^> 6(H- 




tho Ihleknoijt of itic Iron, and & »\M C £> i»B(i« In tb« mid^llt to wdn 
Ihc coll, Ibv IlxU nf tthich U futcneit dnirn to the hont^. Tb* fsdifif 
the Apirnl ar« fulencd lo tb« boards so tbat tb«j cac be connected lift 
the* ^ntrAEiomvtfir, IVo aiusII bfim, m m and n h, ftro nftl^«d to tlw oM 
«n(J or the lii>[LTi3. bL-iwL<(?n wbirb thv hurvKhov umgnot, p q r^voh 
rapSdlj' |>uahvil ftfi^ust t1i« ttrmnlur^ uud loni Iomq froia iu Atw^ 

WpnratLnD tho jxntrflnomotct Vill iodiCaU ft CDTTftDt ill tbo dbCftiM 
prevSously <]<?U'niiirn!d. 

[S3j] Magneto-eleotric maohines.— 'Hie fott|{«uBg «jtp^ 
raeat i« tttc basi* of the explnnfttioo of Ihc aftfcocto^olectricftl iDftclHai<« 
the iJctailfl or vtblch ttrv rcry Tftrioiu- Thote «hkh &ro proTtdcdviik 
Bt««1 DiRj^iicu fiiLTtt niartj ailTftnta^rcf over tboM vblch dep«fed Dp<« 
electro* magticifl, but ibcr arc more coatlj* The uacUiau of tUi IW 
made b/ St^hrer, la Leipalc, are p«ou)Jar in Uieir airaagcoeat, A«d 
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tatb ftllhoDgb Ihej hiive not cteel mfl^vl". li«c»o»& the mftgn^t ran 
be OMdtf h» roUU bj lh« currti^t &nd thqi cLfTi^nl on illcrtnHon of « 
iD»obio« <triTCD bj pdmifliL Tha niftchicwB vitb ttotl tatgoet* mMi« 
bj tbe 0ftm4 maker ar« worlbj of ooUce for tb»lr p^werftil «ff«ct ud con- 
TcnicDt uTiuigvmnnt. 

It ia diScnlt to ^r^ ^Ei«r&l dtnctlontt for the iD&DA^tD«Dt of mcb 
inachln««, on ac<-ouiit of tbp flfffAnaoeA In th«lr cOD«tnict1i>n. llie 
JniermpLron of the Inrlncod c*iirrnnt mtut orrnr npurlj ni the insitpint vhoti 
iht muface cf llio ann&litn; bu pu^ed llie paU at lh« iuA;^uel. U'lirn 
not In tis«, an nnnalaro of Aoft iron mut^t be lud on the mufrncL In 
ordering ft niCblDe of lliii kind, ilfrectloaa tbould ite givpu lo urnmirP 
lb« irbv Ci>!l9d M'Oimd lL« ruvjlrluj^' arojAlurc to Ititil it tm bo u«ed eilLrr 
M A ninf^lo lonft wire or a ahort, thick one, <jr iti it ia atubllj cxprexfcd, 
io aa tr> Jui^rpiue either Ibo qunntU^ or the hl«Daft7 of tho cnrroat 
Bapftnite ann&trirG« naj l>i^ iiepiI for th<'isn pnr^uiHm 

[33C] Magnetic phonomdna produced by rotating 
disks. — 'I'bo oxperjmcou <jn iLla aiibjcct ar^ performed ivitli IZii.' vbJrl- 
leg tublof. To a ibiok roppor rlfik a b, f1^^ B9G, Koldcr n pkca of brntt 
C in which a krw in cut (o fit tliv iuia of iIj« wliirliuj^ ublc, nod wllb 
tbi« «CftT M a conti^r tarn the dii^k perfectly round and orcn. Ut>on th« 
itirmp of the mediine dcncnb^d in J 117^ ^crev a. eltcniat hoard A B, 
Gg. 4ftT. ubout jftx iuubeti tn di&iOHler. villi » flaay^e <rul on tbe edg«^ 



>V. £96. 



^■(f. ft9T- 





Uiifl fil & cylinder of ponlcboanl, fiff. 609, ia whlcb a dlak of ^la^s la 
bf riccB ia «Dcb a pO£iUcD that wtion tbo copper dieic i« ncrcwcd 
ub oftlM nacUna z^^^, ^98. 

anil ibe cyllmkr (iLlutl over 
It, tbo copi-cr wtll be ctoao 
Mow tbe ^liLu niUiout 
loocbltig It- On ilie f^hvtA 
plnco dIow «tuiKl,(i^. CttS, 
■flpportibg a magnetic 
ftaadlo r^nrly m long (vt tht* diameter or tbe eoppor 

cuppur hx iU tatrv will v4ut« lb« ueodla lo rotate ia tbu nuiio 
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near eaoh otber Itom tbe uia^ pf«ee of coppar, Skw out mllMkig 
aotclies Id uiotbcrr coppur disk, to show tho ircll-kuovn cffocl «f Ibb. 




b) fiXPERIUEHTS ON DIAHAOHETTSH. 

[BST] i^or ttL« cxp«t1m«nU wUh bi«mtith sad *>\Mt doliil bcdlet, ottoch 
the |>o1«« of K «irnng doclro-mtgnot plw«4 of troa, lacb lu raprMvoid 
Cg. TOO: Tbej are pierced al cxactlj the lAiDe hei^ to Mlanil iiob 
Ojlfndon* poiiLt«j At ono «ad, about S caoticDfton la diaawtor, vUoti 
didu «aiil;r ill ^ hole* aad caa be rtutened by icrvwr By thia miaci 
ihepolttf uf tlie rua^u«t can b« bruut^htwiibk lUijniblAuctf ufvach other. 
^Tbo polca me; tra corcred idth a cue ma^c bj paitfofl- lofethor pkPM of 

ladov glaia, fig. 101. end roiljng ou a Mti\t ufrelret paeted to the 

vrbk-h Burrouadf tJi^ jioK^, Rg& G41 and C49. A botv U borod in Ue 

of Ibe caacv ihrcpugb irhich a ^^am tabe, 4 in & incli«a bfsl, k fitted 
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vnorirn mp- TliU talic ix nut iwnitiited iu« but, botlith« upper aadbnff 
cepi lintd vrUti T*hct Tke upper cep liw two prejactloai^ Ikroig^ 
wh1f^b a pjn fn tbmflt On tbU pia b wouitd a fiber of itik, with a lltlJft 
hoitk n.t 1hi> biid. 

[336] Tbe Aubjitancea td b« aabmlttc^ to ihe action of tLe taagiiec m 
attached to coooon libera, of oboat ) to J tho Icnjctb of Uio tuba 
tiook U let dovn Icaule of the box. tha cocoon fiber luog oa tt bj a 
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ma drAwa up again. Hf movmif tbe box a litUti, Ihc oljoct cui MiUy 
be brought b ;i straight line l)etw«en the tvo pofnis, scd lt« position of 
^aUibriiim mn;^ bv chnugcd st plcumr, bj turain;^ ilio iipi>or cap- 1*hu 
poAila oust bo fiir cnouigb ftpurt to Admit tli« Dxiii at ths object brjtwcoa 
tbcm, wiitacEt toucblDg. Tho BobvUncos «2p«rlmo[itod on ahoald b« in 
iht funn uf Iwn, nbuat. S cnnt1iiu?Uni lung. i\cd Ui iiw pci(r<ki)u fitipr. 
'nrare vhoBJii bo ban of copper* ixoa, plating, wood, clc^, a Llll« rbouibo' 
b«]roD of IcoUiid upai*, a prism of toarmalin, nnd cipoctcitlj n bnr nnd a 
lltUe ^^11 of bl*imut1i, UM free u (xiraiblL* from [run, thongh ernu tliu 
ordiniu-y comuefdn] bLsmulb vnu bb iu«il. Bury uf bijicuulh arv euil; 
muilo by dJiipLa;^ a gliun tube, ^ to 1 Line Ui diuODtCT^ la tbc. melted mclAt 
nnd cjic-lrlng li la qahck}y. TbeglaM tubelstben broken. If the t^x|>aiiiioti 

the bJiunDth ba^ wil aTreaiJj/ broken it A lilt of one of tbetw cylinders 
bajr b« GJcd into a Eiali, 

Thwo oxperimeutA n^uiro » pow^al curffnt, but the ropubicin of llie 
bull of hlflmiiTh from xhrt line of tb« polea, nnd tht^ AqnatoHnl position of 
tbc bar can be Khovrn witb an «1octro -magnet nhicb mil support cnlj ft 
fov bund rod' woi^bt Kor llio «xporim&ut witb iho bnll of blamaibr tho 
poira must htt broaght ko near eacb olh^r M jnst to admit t)in btilL fr««ly 

('*.) EXPERlttEHTS OUT THERM 0-ELECTBICITY. 

[3S9J Eiootrical curronts with ono motaL— «- Connect 
with tbe galrouometor two coppt^r wirea, utm of whh^h «iiiIa Iu it lEltle 
plat*; a corrcnt nlll bo produced whcaovor tbui phl« U wtrnicd and 
tOQObod wiib the cold vnd of the ^Lhor wUo. 

t. Tikn a platfnn wire, Nevernl iuchra long nnd ^ to I millimeter ihlck. 
bciid it near our <iad into iLrcc <jt four -ipjrftl turuH abutit n Man Jn 
dUmetorp and connect it with tho couiucliuK virce cf a if alvano muter: 
b^ virmin^ Iha npiral irith n (jpirit'Inrnp n currcnl u'llt bo producvd 
bicb »Ui pftui from tho npiral tiiward the iruld pari uf tbe wire. 

Heat OQO «ud of a tteel kulttiji^'Jieedlc to r&^icsa. coooect It wlib 
ffalTaaocDotor, and lioat tho npnt vboro tho toft and hard *.Ue\ Join; 
a galvanio c^urreiit wUl ptii frofu Ibu loft to tbi* Iiurd purl. Tbc current 
maj lio m^uLabied by muviiig ihe Itimp tOHord tJie litird pt/rtioti, to as lo 
koop that part wHkb ir in tho Honio alv'ayn red hot A carrcnt muy bo 
produced with u hHdio vihkU lion beeu oiillr«(y lofleood, bj nioviug tho 
naiQt* idong ihf nvMt^ In Xhv Hamo way; tho curront posses \a the 
ifc<^f>i> m which ihc fifimc moxct 

134<»] Curronta produood by dltt'orent metala.— For 

inipDn two elemeote ^rt onpf^r-lRlly noi^dfal: ono of copper and 
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biKRitith, the oih«r of ocppAr Ani ftctlmoti^'^lanco. Cut two tMrt 

nciild», aa<l file tlieui tint^bt; tbu uwqIJ for lIiq uitiaiouj-i^UBco n 
tbickl; wrapped. Tbonboncl two bil« of copper virt or ribbon 

nt right bn^lci, &nd loIOtrr «Acb with tin, v ibowD lo 
fig. 1Q9, li> uuif vf lliu hnn. TLu atrip iiiCvaiI«il fur 
tbo liJfiraDth Tiiri;it be ptCTloiulj' linncd. f^r Uic blfimntli 
will nottvar bi>AttuEficiepttoetkat«llieiold«r to ntb oc 
Eb«cnp|ier. Tt U coDVPoiettt C'> futvii beftjnftiucil « 
ticoJIe p^ht ift oacb itrip nod each bar, to wppurt 
little aiBgnetio oeedl^B. 
Id experimenting, wi niRgn^ile npedJoa on th« elf^ment^ aad plMv 
parallel to each othur nnd tti the mugnutlc meridian, on m wooden 
wltb one JoJQt of euh proJ«ctiaKi Oa nppljiog beat to tbe joinin 
ipinl-lftnip, a coiiifderabJe deflection will be aeon, In oppotfto 4 
to tbe two element)! 

[31l] The tbermo-pilo. — Ai thii U ordinarily np«d onlj in 
section with tbc palvnnomcter ua a ilittcioHi^^iie, it mutrt be nedeooe 
nnAll »co1e, ea m the Tnor« rnptdlf to oHtnTv^ the ivinp(<nt^ro lo wbieb if 
jfl expnn^'lr Thn rUmrtiti nm mudi? uf Imm of nniimonj-Klnnv %ai 
l^amnth, coat in iron mouUltiH &n<i shaped with a JiJ« i4 reprnicnted o^ 
nnlurai else In ^^. 703. Tht^ bnn cf antimony irliwce roust \m tinned 
iMIh henda wTlh very Koft liu tiolder, IxuinMf they, like capper, do 
take ihv tin without cousldtrnble beat. The »oMedag mut be dcniv *itt 
i,4& iron, on account of the excccdioFC l^iibility of bivmalh. The ban o^j 
holdbetweenipKagforccpiitDaJf} of wire, like fig. 704, nnd the Kpsc^' 

nS- 103, f iff. T0#- 





betwDOit the bare filled with bits of wood, which may be luft then lo 
impnrt great-^r Eolidily to the pile, but tboy uivBt not trxlcod orcr di« 
jiiitiN Tlitf vtTtii'd rjwa of 5 pnir* tnoh aro first t<*1dereiJ, uid U 
aoiled when all the laji:ra ure c^Jiuplcle. Tli» lirid piecnra of Mch 




mnn haT« trn oll^t fit ri^bt ouglce to tie bnr, like 11;. 10^ 
reprennt* the GomblnaUon of (he end pivvnn oftwH T^rtleal rowt. 
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ike pock of SO or 9G poiit U comptetod, Uj it In t ronird Of tqooro cue 
of bn««, having trtt (0ldttr«d 1oih« loMdl^ortbo ftnrt fiod Inst ban HbOFt 
COpf>«r wirvD, vrhleh p«ni Ihniu^li iTvtj holr^H in tho r>[iite. TlieAO lioles 
ftlionld bo QLOticiled «itb Evi^rj^ for brtUr inftiiUUoit^ and tba cads of tbc 
wiroi proTidcd yriih pfrmaticnt bin(lin;c-<^o^- Tbo vacant tpoocs oro 
ftlM iq» Vlth pUsT«r of PirU, whli^h U nft^nrtrde 
■cnped ftiTA/ so at U> Jco^G iLo vudA of the bars 
tr^. Mid IbcfO nro thon bbukeccd. Flg^ 707 rcpre- 
a«itU lb« pllo complete «nl vith a double ouor 
becftoiMi for rrrtDin purpcurj; n fnuripVihapAd nop 
DlDat bo ^Ltcd ua, !iOTiLctjiii(tJ V> ciclado extrtuiconb 
njs, somctimoii to ciMideBM tbo rajg of b«atp Tbu 
coulc&l t'sp inuKi be polTxfard on Ibe Imtde, noi 
blBckened»iMUsoinoUoii's{loii{^. ItQiusth^veakluoBO 
fiUini; coror, A tabo oTtho nnmti wE<lth, blnckci^i'd 
witbin aod olao fltted vlih a ocvcr, U >1id i>t6r tbo 
other «od of thfl cn^. Afl fill tliU fn vH«jer lo miiko w^ifu tlio c*io whlcb 
IbcIosos the pile » ri>and, It in iimiallj tandc in this form, and alvo pro- 
Tidod wlib a rod Aitirtf^ in » filand to tliat It oua ba adjobted to any 
/Vfl. 708. 



/•iff: U9. 






hdglit. Fig- TOi repr^flenl* IbP appuratna completo. In flg. T08 tbe 
tube of tbc itaad is nUt. and i£ foriiished nith a ^lightlj coDi<iftl urcir and 
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ft nut, bj which the rod cftD be clamped tightJj, Fig. 709 ii hi eiiUrg«d 
view of the arr&ngemenL The condacton flhonld be spiral copper wiret, 
which are yielding enongh to preTOnt the Appaifttoa fhim being overset 
bj an accidental jerk. ConoectiDg wires of this kind are nstfnl in many 
other casea- This work requires a great deal of patience, for soldering 
these thin pieces ii a delicate matter; if joa have them soldered yon 
mnst watch closely that the proper order is obserred. It nrast be 
expected that many bars, eapecially of aatimoDj-glancet will be broken in 
the operation ; a good snpply mnat therefore be provided. If great 
d^cacy be not aimed st^ tlie work may be rendered Tery easy by Ukii^ 
bars ahont 4 square lines in crosa secUon. A galTaoometer, with &v 
toms of thick wire, shonld always be used. The use of the apparatii 
comes under the sabject of heat 



CHAPTER Vjr 



ftxnnir^iETfTa on mur. 



(a.) EXPEHIUXSTa OH KXFA53X0H. 



l^i} TaB theniiotn«Ur b btutd upon the upuiuon of nuuMr b^ heat 
X9 this ibfltromtiit 19 »o oonatantlj oaed^ and vitli all can 1a hAfidlin^ 
OM «01 ba brokoD cx^E^nvionalTf, tbirrs it lh« mom iTKliEcnmf^nt 1(^ lu^quiLSiit 
ciie>i Mlfvltb tits coaatrucUou of Ibcm, good Ibermomekra bviiig TflUior 

[343] Construotioa of thermomatOTS.— (a) ShU'^uoti of 

ihc. tiLhfjs. TZjf.i'T urt hul fr*>ni thir gliws-haoBfc, ami \m\f S or ft fett 
telws ftom Uie mlddTIo of tbe Lubfw. which an dr&iru \h to 30 fct}! 1oD|r. 
tJthoiifiEh thin «nhnnoi»fi W^ coM. As noon oa tboy aro motto thny are cnt 
into IfuglhK of Ij lo 3 feet, and ■etlod at boil endu. For ortHimry 
piiT|iOfl^ ^IcLHH tuboH Hilb Qui ^urpH Imvt- uLvjuuh uJvuula^cva; bul fur 
■aokbif; Tcrj mcutaIc thomioaicton I would alwar^ prefer round tuhu, 
bccAiue tbey ^ao b» («fted mor^ euctl;. TbiM opurHtion id perTonaed 
b; H(irki[i|( in|i> ibc 1nl>Ei R column i:)f nicmtr)' tiboul an (ai-b loii^, anil 
noring h by gentle asiutbn olgng tbo tube, corcfally ccniki^arLDf il« 
t«ngtb ia difforeat parU wiib tbu orifpoikl IcQgtb. JlaTinji; tti thi> way 
f^nnil a part ofthn Inhn cif imiro^m Rlac. ff It he only 3 inches f*>'i^* mark 
it by yf\Vk% vr^xtd tlirond arumid iL lUid break It, no tbat thi: i^Iiim na)Hti>d 
la blowiag tb4 balb LD»f be lahco from the iiD&vta part Tbo operator 
will lOon Ii>ELni by uDp[«aiaal crporionca tbmt onirorai ihermoiudttir 1ob(« 
ftm rery r&r«. Fur ordinary tltenuometi-rit ihia U of litll© iniporUut!!?; 
tht' |[ircr[i>r Ubc4 may I)g used for buuttC'tbermomoUn, wkkb arcci Dot 
nuiK° J^boro ]0U° t'., pnd laay bo j^radaatfid to IbiH poiat by a ttaiidard 
lti{rrm'>mHt^r. Tht^mioiaeTers for onliniiry pbyxItuLl purpon^i amy aUo bt* 
naadc from tlia toferior lubes, aad tbe limlh wilLb^lcU tbey arc corrt«l 
marked on tbem, 

Ifi ioctriig op ibe mereary, fflolKture Ei firy »pt to be IntrodacM Into 
le tabo, and It \% almost Irapotslble lo g«t rfd of IL. Tbe only mflaDs 
likely to be at all jnicccwfnl in to beat tbo wbolo of ibo tube axc^ the 
buJb, and ihva bvui tbo bulb, Iba air from thu iattcr drivinj^ oal the vapor 

Iix^ vtber tinpuiiiy iiMtr tht tube, It nay u weU be tbrown avay at 
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oi^co, Ictteml of mckiaff cp tho morctify witb tbe ntouib, it maf 
d(jn« hy ijjuif i\w iub« iu ihu iueiuUi of a ihivk iudift-fuUwr bo 
sqnvcsliig Uic bottlo 1o£:tthcr nnd Inecrtint: llic other ond of the tabt 
meraitrj; Ihd dutUutj uf tho indjn-rabbcr will draw up enoo^lL 

{b) FrfparfUioR uf tfie tv^f. After fteaJiag fttid t1iioke#ln|; lh« 
at oao tuJ. • bulb \s blomi oq it ihccordlna; to llio dlitctktDs yl 
that licftii. Care miut be tokoa not to inlrodticc moijrtivQ into tho la 
At thi* n^ni BometJmea hAppeo with a}\ the poini thut ran be labeo, ao 
Tdconimeiul rutoolnj aa liulTvmbher botth to tho end viil blovi 

bnlb bf pre»ng thb. It b mucli better Xq cI<»« 
^[7 T10. teat ihe whole length oT thp lobe, mmI then ioMrt one 

Ithti damii nml ollov tho dutli-ilj of ihti cnnAn«d afr tA nh» 
■man bulb. The other tnd U then opeaed, cloned ngaio oAcr 
cooJbp, Ekod tbo op^TfttlOD ropeotwl ontl] tho bolb l« aboot I 
Ieil«k in dliincur TI10 flame ii thon directed osaimit tbe end 
HD OK [^ bunt the ba3b thi^rv; the vM^^a h nideueU iritl afl 
Iron rod, aad «trraf(tbcft«d b; avlibs dova the rioi. A sfim 
tube, 1 td 1^ llnee la diameter, «iih ihio walli, ii theti weUri 
on mid the Joint blown out Bomewliat^ A balb r&n nowlR 
bloif jk oa ihi: other end withoat IntroduciDjr %nj iDobtare lo 
the tobf. Tbo tabo when eompleted tM tbe fonn of fig. 11^ 
and It pi^parcii In thi> b«At pondbl^ way for fllllog. The atoe 
of th^ bulb inuf be ilotcrnjirii^d Ij coinpamoa with aaoibv 
thermometer, 

Jf tno tnb« reqnliyR s bulb mare than 4 to 5 ll&«c ia d 
rii>r, a L-yllndctr, S ur 4 lur^bitH ]ong, ibLiuU bo welded 00, 
ilireded above, and tbe jiiint Llovn out but little^ or cot at elL 
Tb« Kupcrnooas* jrks* 18 ttioa molted olT. Thonnometen with 
very itont tiib^M oft^n hare a eytiodc^r of tbe *%mc alier lo 
Uic IrL3Uuiu(!Mi. cau bti Lhruit through u cork, the sciilebti 
clcliod on the tubc- 
(«) i'\ihny. The mercury U dnt freed from air by boQiaic. 
agitatM with ilfluie uEtrlr acid, war^heJ with w«ter, and dried 
J^ig- Til. hluttiu^-paper If a lube Ijob not bttn woldtd on a« alxitt 
dciicribcd, lake a liilb ^\a^ funnel, or a tube tlravn oot m in 
Ag, Til, wrap the (^utt or ibe thcnDomeler lobe with paper, 
and btick It lo tha Derk of the IbnofV Ponr tho vrarm auTcvry 
throut;h e. paper catic (^ 43, 4) into tho foDiicl, and thea b 
the v\iiy\9 ini>e nnd t>nlb ofor o^^ptrll'lamp, hf which the 
will ha f'xpi-Ur-i] nml inprcTiry fonrrd In rjti eooUn^, lleat 
tube agihin and bull the mercury tu ibc bulb; by ibla 






1 




PeT8l€Al BXrEBTUENTATION. 






SMJlj ftll ihn air vlll \}^ t^tjtt^Mttd, The bnlh miiKl rot hn rpmoTAi! tud- 
d^otj frdm ttc Hamc, for thn toddc-n ijiflax of mcrciir; nnglit brc^k ll^c 
tubo. A UU)< bubble <ir ^a nwttMy adUerca to tto balb at iU junction 
with i)]« tub?; but th& thpm»omer«r U albved to coot, mi n^ lo f^rco in 
fti nmc-b mrrrury ai paikUilL^ Noir hi^at Ui« ihurnioDiirUr lEi » rertlciU 
po^iUoiiH uud tbc expUsioD cf the mercury uiTI itrjv^ llit hit lubbJv up 
th« tabo. As ficOD i< yon Ihtnb that th« luorcirry b^low tUi^ bubbly had 
rvachfd the end of tho labc, i«ntor« ili« Inniii. and wnii.'h nbttTipr Ibc 
bubble draws buck iuio tbt? tnht-. If il (Ioha hu, Li'&t ti, -itiU bigber mii] 
Mir nbovt tbo end uf tbo tubt^ wEth a knitilnK-ncrdli^. Atl IbiA i> roucb 
caiicr ii'iili thtr Eabc «howa in 6g. TlU, in u'hi<<h the mcrcnry cuu bu btjtkd 
uid ibe bubble U iivver onl vfalgbv. Tf, nfUr ull, & niiuuie bubblv of ulr 
«boaH rcmiLin, it will do no bnrm, provided it bo not larirt cnonjch lo bo 
rbtibk bur^re tbo tubo in oloifcd, for tho rcniovnl at tbo oxioronl prutturo 

1b« air vW\ cAute It lo eipund, 

Wbcn the tobo » porJbcily cool, pour the racrcar/ out of tbt funuol and 
ejpotadrop ortw^ from tho fnbo, in order to dotcTmme, brn prclimlnarj 
tsp^dment^ tbe lenpb cf ten degreos, Yon maj then make ijp jour 
mhd bow you nlll Arrougo ibo M-ale lo kuIc tbo leni^lh of iho tubo. 
Ordinary tbormonaotcra tibonld indicate f^om ^O'^ to iO^ F. bcTcv atoro. 
bat ia onler Ic reach or vxieod tbo boitia^ poial, oiio mutt or[«u bir con> 
tont irllh 10° bolon' toro, Tho Ih^rmomoiRr dhat be nndo Xo miign im 
bigli M C4ft^ F, Tuking tbeae tbin^ inli^ cou^iiirntiga, ujaku a murk 
on tbo tubv whkb Hball Indicate tho preaerit toffiperaluro of thu air, o&d 
vKpcl or odd tn^rcnry tiiitil tbit top of ibr? column standt at iu hd^hL 

ThtTniomiTlPTu whkh urt to be nipusud to u iL-iiippruIum bdijw iho 
frecadut^ point of uicrcury aro uodo with splrlie of wine, but ivitb thlA 
Dit^option nKfrcnrr alono in aKOd for tho f uTpote. Tho tnbcjr of spirit 
th^rmfjmi'tcn are luiidti ax uiudi elv i luilliiuetvr Ih di»iue(er, to rt<ndvr 
the b)>trit more ti^jblc. und fur iL^^ bniau ren^n [i h ifcijcraliy colored rod 
with eoehineaL To prcpikrc tbo lincturo of cgchint^al, rob tbe tiochincnl 
^ne in a morur, make it into a pH£te wtib cplrit of wtoo. nnd rub tbls op 
for »orne llro^'. Thon n^M mem ^jiirit untl a iittlr mljihurlc M-ld, Mir it 
well, ]«t il Kttlc, and decant through a filler. Wash the rc'xkino m\h 
vptrit, and T«movu tb^ lead-gray ^culo^* The prooou i» repeated with 
nbat romftlnfl on \hi> flitpr iinlll rhn solaifon l>pnnmfE Uttt pnTp A 
driurhin vf i-ot^biiical ulll maki^ li jumud of IJncufr. The; a<|ii^oua iufiuioD 
b prepared m the Huni'; way. At rochmcat is apt to dopa»it voIotUk 
utttttT, a ilDoiaro of Br«»n-vood U prererablo for coloring fplrit Tbo 



PffTSrCAL IIPBaiMKJTTATirH*. 



tQb« t« flllod in the uira« wqj u with raereaTT^ or «to ilrvwn oat to t 
pobii ftnd 1min«ned En m etpfiile coniaialii; rplrit of C4l or TO p«r MIL, 
u shown fn %. T12. 



Fi^.1}%. 




tiM qi]0&11tj of nwr^rj H 
regnlAt«d, mvll olT th« Aiaad 
4iiJ dnv o«t tbe tube %t> % 
finft point New bft«t tl* 
tbfnQOEBiiMr nntd ft drop^r 
merourf appeanai iko ap!^ 
1037 a|3artQre, then withdnir 
tho iHiJb nmn tb« iiae aod 
lii««rf the potnL ft mdn 
quick];, oapedillf wiUi tU 
^ ^ tbe blow-pfpe. Tbi 
newiwy fOTinwi* mtd Inam 
ft iftCQDiu tlioro it Tin 
end of tbe tsbft fthoold Uica 
be Toa«dv4 Iri the fUcee. tid. 

If It U Hi b<t fttUchfd u> • 

flat BVblt^ leul orer. M wen Ed fijf- 719. If the columa cf mercvf? shooU 
bo i»«par[ktcd b? nn rrr Kn^ 1^1'- after cloitnKT, foel^Ti tho thtrioometCT lei 
■rriTii:^ :; up 4 Tei^t lon^ nnd ivbir 11 in a f-frrle; il 
jV *'^' iiii>(, lip not loa Diirrow ibe ceutrifaj^l for<« 

^ — --^ . thv murcurj to aoitc, ftad the liltk bubble of 
It will i!o no h%Tm- 

Ti> ktti« »jr ill iht! IhrmLuuiHirr vlth or ultlii^tit ui irxpatifJon of 
□piMr cud it Torj oltiodioiwbic; for Joft lu tbc promtro of the ti 
ftlr lu ethftiiHtfd lb«Tinonict»i cante* aq olcvftilon of lt« fr«eftia; 
1>7 <-nTn[krM»1nK the b«Th BO M CO iDftke It Ti(*rmnry lo wntt 2cir Am 
after cloMag the tiJx before BTnde^Qff the Ustnimeatt in the eome v«j 
tlw JndoBod ftlr bucotemj; comprefiBcd when tbe tkeraobscer Is bteM^ 
lover* the bdling polnt 

Spirit thcnaometcf^ nro elio freed from air. The? will still, boi 
beor the tciaiwrnturc of boili»[c tTAtcr. tbe prt««are of the Tftpor prei 
IftjC the Hijld from boiling, tinlcu the bulb tK lery thto- Tbe mxe of 
tobo renders It very eaajr to reaie^j the nepnrsiioti ciT the coJuitm ofi 
by Hwinprni?. 

(■') It^tfrmination cf tht Jirod pOinlM^ Tho E>«eiia|r polbl U Aj 

by inimi^nlog tbe bnlb end tube >i fu na tbe top of the menwjrbL' 
roiitxire of ice or suon with a Utile wmter. Tie » wed ailk tbi 





IftlMfSTATroS, 



«IU« ih» tlireod 



maj ftf^cnrtu^B Se marlced yv\ih a icr^klilnfr diamonil. It U well to do 
thli «ti«i tho tompcriLtam of tb* nJr in bnt little tboT* fireealng;. The 
bolltti^ |in1»t Iff deiermln«d fo a meUllto tpswI lit* flg. 71 4, whcnp Inng 
Dtsck !ijw two ap^rlurcs for tlic fscnj-o of the ^tcam. Tbn thcTniomfTt<M 
fthoulU bti tbrutit throitf^h ft oork to u t(» &lid« OftAilf, uid tlio oorb littod 
in tho npck M tbe vE^Riel, fn vt\i\tfh Uw water hu b^nn l>o1]tng tor tarat- 
lime. The bull^ nuM m^iirlv touch thr lioilkn^ '•alcr Tiw: lower jjuxi 
of the v«am1 itf miidc of c^rppcr, and tb« upper paH^ which nf>t^ not hf^ 
Dnrrev, l« nold^PVil In with z(nr atitl «ot t^ * ppojoctiDg fluigo on xUt 
retort iiand, flff. 715, which U neednl ftip no niiuij otJier parpOKei,* 



J\^.714. 



^- . 




.--ot 




Bftat maj be applied ciiber by a giut 6r spirit Uauio. 'Dio tub*} if 
frequently ilrawu a \\u\e uajr uul of the veMol, aoJ the threail, preTioii«l; 



* ThA ftUdo nay ho trmngular aUhoufh di« rod it rtiLii<J« lat lk« wrtir ibouJ'i 
FB7« Mt ftK^Inst ft brui plalo vhicb prtiwa on tfa« »1. 
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PBTStCAL EXrEKIUEKTATIOft. 



^ 



\M aroQUil it, morcd bj a rod to tlio (op of lb* tiolamn u boToi^ W 
tha i^uLut U p«rmafienl1j flxed, mark U ulih ft ilkmuml. Tbt builiD^ 
pnintrnn be di-ltrmtnod hi m wliU'iicckfiS glwifiiflu 
i^'9' Ttfi. i^ \,]XKing u spiral coU af wiw ao lli« »«•* 

doring tbo BAck ^ th» Huk witb ft cork, wblch 
u iperuire for tlic theraioniL-ter and s beot Iftbe 
Uw tE«eftp« of tbo bteftva* Gf. 'H(a 

Ja fiilftg thQ bodtioff potDt, ibc pr«Kmre of M^| 
fttr mtiAi hv ubftorveiln tbi* bulllnj; pjini of Ummoi^^ 
eUtn boinK redaced to a prcbun of It cvnllBMlUlk 
or 33S'0 I'ftris liacft. TbivcorroctJoiionifttbeiiiiil^H 
by ft Uhlo of ih« fif^Mnre «f ftqii^»« rftpor w^ 
diUbroat tcmpvrulum; but ux Ibc hi;igbl of tbe 
barorai'tur h aut aa rery T&riub)o. It U «ft(3ft|ji to 
knavf that vhoa tbo baroraottr ttAJX^ ftt 70-1 cnd- 
muUra-walirbuilB at 9!«^Cukd ftl TSSftttV^C 
tbo UjtcrnjfdiatD pKAsurca hclnsE proportloDAl U 
the l«inpruiurb. For iuatftncc, if tb« bftroacCtf 
stood, iT»L-hg tbe determtDstioa of lh» boiliug jm? 
ftt 72 5 cciit^nivterv, tbv potni foiuid nouH coi 
flpond not to loo bat to 93-T,oadlbotipon bctvi 
H and Ihti f>vc2ln(t potot raHbl be dlvEdod apcordlnglj. A ibort«* (tfli 
for luosi pui-pDiuA lufllclonll; occntnti;) luctliod U to deduct from ItO 
ny. TU- W"03"e* Uontifcrodo forcTcrj mUlimeUr wUicb the baroadfr 
■tftndfl belov 76 centimstorv, aad f^r VT^rv Porfs Uaft 
S3A S dvduL-t IhOi^aP C. hi thcK ivdm^^onti tbc bclgbt 
tbo bftrom«(cr Ip suppoiod to be reduced to the IVecuug 

(/) ,Scaie». For crdinar? aj»«, it In boat to nftfco lb« 
upon ]i]ipcr, tb0 Cenil^rudt* und Fiilironlieit ttiU by tidfi 
Tliu dlilalon mft;^ Ijo irerfuriTted citbi-r w!lb llie dlffidlBf 
cittf^hino, n^, 140, iir irkb a pair of dlridcn by bwid, BoU 
thU aoftlo over o thormotaeter xnbv* oud clip ft In a glu» taM 
ubout &« tlt^t ft4 n Irad p^Mii.-iK wfilj n ^ui bmco on wid« ^^J 
tliv tUvrcdumcter tube At tlic bijUi>m, like a, fig. TIT- TAfi^H 
tho tbermonoUr up to tb« btilb Ibrcugh lbl« braoo, oad thtft 

f.mnkfT tbo ttttA. poJntf or thr popiTr it^ftlo rorrvApoad vlth 
tbow on the tubo. nro|K of >#ftltng<-trftx burin^ L«f« 
pnvionolj ft(lft<.<[»od to tb« l^>p nnd l)Ottom of Uio jMpcf. M|^H 
' Ibe tnba until \hi**a uk^Ii, t)ii-ik *eti\ llio labo nt thn top i^^^ 
^ wtrld tbe end vf il lu u plvi^u atreod/ att^c^Ued Lu lb« tbl^ 
mometcr tDl>G al £, The tube whfcb coaluid tbc 9Cft1o 



^. Tl 



ito 



PHfSlCAL HX^EAlUEMATtO^a. 



ill 



JVy.TiS, 



aM b« too larf 0, otb«rwUc it r«bdcra lliv lutnaKCt t*o btUkj vhca it is 

to ba inunervGci in aoaU quoAtiiicx of fluid; foir Ittfr «wne nuoQ, vnull 

Ihemometer tube* «n prv(«titi1e. The ihcnnomeUr ud 

scoJa vo oIUq lolotod Ic uioUier tuU: ao *« to Ic^rc ool/ 

tbe boJb prvjvctjafc, lu iik t^. 71^ Thin is a difficult oper- 

bHon, Mid IboQgh Terj vatfa] Tor soiae technU?a] purposM, 

docc Dot ftdmR of great tccimcj. 

Wbcn Uia »tt2t it modo of wood, bno), or ttorj, a bale 
nmt b« mode ^n tbe top to rK«ire tb« hoi>k. Hg. 713^ On 
ivory Uit* liuis rnAjr Itr blarkptiod nith iadiiiJi4ak, and tlic 
■ctU lonpod orer wilK ^Iusl Itrua la warmed nad coaud 
with UmIc Mftlia{[-vn2 ; wbon cold it U &j[ua f^ound vitb 
water bikI th«D v&fuijdiHl wStli kUtlliu^ or kEItvi^iI 

Tht ectica of spirit ihcruiouifrttn &ccord well rtiou^U witli 
tboM o( mcronrj bdaw the frccziojc poiat^ bnt Aboxc this 
point ib0 obteriatioiki mitit be corrected bjr n (p«cinl table, 
itnTvM the Kele bft« l>eo(i reguktod fi>r ervry leu di»groe» bj 
e [aertariftl tbcnDomtter. 

(j7) Scoi>*i ttcfied en ^fiati. It li often deetrftble to buve 
the Hrriile upon llir thcrrmnmntfir tntm ilxr-lf S<?rntching ;he 
1in«a with a diemond renders the tube liable to bre&k ; il it 
better to etch ttiocn with fluoric oeld. Tto scale £a lint 
dnwn on paper, trenitfbmd to Ibc glui fn the mexmer de«crlbod ia { 33, 
&nd ihtn frubed. 

r^i^l L08lio*s difforontial thermometer.— Tabf tvo thcr< 

mcmet^r tub*-*^ about 1 to IJ millimclcf* 
Wide, ftn<t blow u[*on flipm lw<* iieHrlj wjiial 
bQLb», 2 to S ceti timet CM in dUmcter. Ooc 
•I ibe Inbee ibould be calibrf4 ({34Sc.) 

Ttit r^lllifrd lnl»r ftlKruIrl hn h^ng enongb to 

fbrra one rertical limb of 6^. 71^. and the 

Other Inbe to Tona the other limb &m1 the 

crou plot'c-r Wrld x.\ic tiihov tofcnihpr. and 

with a poinU'd dmuo and n Ktllc glu«a ml 

draw out dome point of iho boriaontal patt 

Into ft flue labfl. Bend (h» mbfft im shewc ^^^^^^^^^^^ 

In the Agnre. nnd wnnn Ihe bu]l»H so M to ^^^^^^^^^^K 

draw ill *;iiouph sulpbuHu ai-id, culored with ^^^^^~^^^^^^g 

eochiueal, to tUl one vertical Umb and the ^^^a^^^^^^^J 

boriiontftl part. Senl the opening, oDd ^^^^^^^^^^ 

inonnL the tube ou a hIuluI « itb a Ac«le dlvldud iuto Hues for the cnlibrcd 



f^A\^ 



O 






rnrSICAL eZIICItlMBNTATtOlt. 

Lh« tube be tti celibrtii, there naat be a •eale for 
DJMrlhnTe ihe ftir b^ bentin^ on* hnlb <it Ihn Otbwr, W thM tbn Wqtifd tIIL 
liAiid aI thfi pjimc tidj^t In botb lintbvwhea tlie bolbi kftve ibe •uoe 
temperaiare^ BltUv^kon ouo bulb wlifa IndEui^bik vbeo It to t« b« expoicd 
to nidluiC hftnt. lUft InAtmmoac k only u«ed ii ft tbtnnoeaope, eKhon^ 
■sle C4U1, (if ixitirw. b« oMde CoaparaUe with Uiat o( Ibe laercarial 
loler Tbo iuitrmneiit Is aofe dellcftte whtft ilkd with cofcvt^l 
spirit of tnao oqJ noiirl; o>:bAU«tod of tir by boilinR. ^H 

[34&] Rutborford'a maximum ftnd ftiintittnm tbc^ 
mometers.— Wilier tubei are t&keu bolli for l!» mrrciiHal Ait4 ffiint 
Ihermomocci^ thiui in annoL Tbc fortncr nhonld have a diiun«4cr i W j 
mflUnaeter. tbe }\txvf 1 to ]| millimeter. Tbi> 4r&le. vhb.-b U gndoi 
by R slAndiLrd Ihormomet^r, rar^^ nvaallj from — 8ft** + 100** F- 
bit of wocid ii perhapi pref^rdJilc to the stctl index, beenoM (be 
ftlter Jopg QBe ecmeUmea edheree to the meri-ufy, aid of coniM 40M 
fbiniT lc« rT»l^- ThA ^Inm Tndt-t bi the ijiTfll 
Fiff^ T£(1^ toomctcr roiiiu»t« of » tilcnd^^r tcbe of bJtclt ;1 

- ____^ *«<Urtl Jit both tfcdft, aiid so a^jufitod m to fluh il' 

Co lb« aplrit Fig. lao rrprwflnu tbli Utdn, 
flwi twlcft, 
[34Cj Expansion of solids*— Tlilb u rreqn^mlj me«arvd 
iBAtnimenU cnlli^d p^romotcTfi, which ccnfint of a motflJlic rod, one 
of vhLch Ib fixed imd Uie othrr ru?[a ftgftinil u Kjitvm of Jevcn Ot 

rtg. Tftl. 




The farm«T is preferable. f\^. T3I repveeentt aa ii 
tbitf Kind, jui<] r.lin mrdr of brntrn^ ibp hAf hj n tipdriUUtnp, SbA\ 
'^Dtritatice eTidentW r«iiiJOt be ti9«d to meeAore the be&l, but oi)f 



riTTSICAL BXPBBlMEKTiinCN, 



4U 



iV-TSS' 



tht f«Tt o{ the i>x[mnt«in(]-* Thin in ajiaaEljr sliown by « tnfltii]li(< 
Icb ^bcu i;uld Utrs b£:i!arBiU]jr iti » uetftl ri&g, bal when luntod 

win not paie throQ^b It. Sncli & hcJL is oaittf 

tumwi, u jt fi«d onlybt round in onis diTftc* 

723. 

To show tti« nntqa&l «ip&D«ioa of difTcreDt 
mctitliL, fmn&a together & slip of iroo ftoii one 
of broM. iit>ou1 n foot Ionic, ) inch vMc, Ani] ^ 
Um tfclok, 67 rireiJt } iQ boh ajmrt, iig, 7 J3- Tho 
ooai|icntm] bar, ihongh f^trntght wh<tii rch}, hnni]^ 
when bcotcd. Soldnrinjf the Imr* together 
loaT«6 tL*!a pcrccpUblj^ crooked oTon wliou 

«oid. 

lu » i^Hdimn pHtidnlnm nf K\nc. nud Irim, Ibu 
lioc roda miiitt be t\, or, occonliiig ti> olben, 
16 of the length of U10 pei^doLuni r^m tho 
point of nuApf^niiioii to lh4 oontcr <if tlm bulL 
A couple of xiuu rmiii Ik onou^b. Tlie rods 
nukj ftll bo rir«te<l in tbe crosa bar», oicept the 
middle 000, whi*,'h KDpporU tha ballr whidi maU 
be wr^vred into the Iilii nppiT i-roiia bar; Ibe vork thnti hecomi^H titj 
simple. Tbo bal) is ludo of two ^phorjcol MgucDtA of bra«« aoldcrcd 

^^ ^V^. 733. 

^legothfr with biirur, AuJ Ibe epHCi! betwttu ^]cd witL ktid. It 0107 
■fttfwnrdfl bo tamed en a lathe. Jt 14 ixio«t i^onTcuiout to fiutua U to tha 

■ ted ia m honzODtal position, by a hol« bored thfoagh the Mnt«n of Ibo 
(to dibkit. 

The coDtftrnctioii of m<tallio tbonnomctons Is vorj dilficuit^ and too 
Ofteo tbots ohfalned from good InvTruraent-niRkfrB Arf InArcmratD, Thcj 
nv uftiiull; iau dnW for nlmoM an> iim?, liuntutii; Ibof nnr itdoewi iil gluM^ 
[$17] BzpuiBiOIi of liquldB.— If tb« expctimcuter does not 
9i4h t> con6rc liintself to the exhibition of tho fact, irith n mcruurifti or 
qilrit tberuiuiUbtf-r, bni Xti vbuv ibc p:cpm)riion of ol1ti>r litiuiiJfl, ll]« vuAtel 




* EKp»riB«DfalDiuunuicDl<or(hD npuuicia of boi^M, vlvtbof icpIU «t lii)vid, 
•r* net nil«d 6r tattruaiioD, mccc, apart froa lik« Ioh t4 time, sU tli* ucocuary 
pno&uiion* cuinot %« obHvrvtd- 




Ill 



PHVaiCJlL SrPKRlHBJCTATlOat. 



repr«aei)t«d En | or J the natural rizc In It;. 721, fi Jtrj well ida|)ted 

10 cip«nin«tit. It 1) moda of ;luf^ md hu a auric oa tb* fttrk nl a. 
It la lir«^ ivKli the llqnScI by vrtrmEnjf li, And bfl Ia (^ool ; the tfqtiMi fi 
lfa«a mnoTcd Trotu th« fuauel bj ui«&u« uf bluttiag*fiAper aalil the «tirfk<« 
eoincidfls with the mark on 1)ic ncch. Tho «pp]icAtion or h<*t eAiiM« it 
to liw In tb« ftim»el Bgain. Tho apjiarcnt eipanitjon of *ho HquM c*n t« 
euilj dotcrmlacd Lj LWioj^ llio irtfttfl ujj to ihv tiiarl aX Ui« fro^taj 



F^TiU. 





p[>lni, ncJ^hrng it, and nftw bentlng U to a rvrtnln ^ffgrm Iti wtxvr 
remuring ihi? cxcun above the murk, vrolghiug it t^iu. The t4ft of 
TMsoL maU be deduct from both ircii^bU. To au^oftala th« 
vxpuuloD, tho expnnnion of iho gln« mcit be tajEon inio ooDihleni 
If & iH9nc?l of tliin kind U not. ut liniii!» it b una; tu mako uue omoT 
jttoA balllo and a tube, aJ «liowa b G|r^ T:^&. 

Th« oxpaniton of water ta%j be ibown indt^pentiui^tlt of tho glam, 
the apifarataa fig. tSC. tt pvudtATi uf ivo tolerably wide ghaa tebc* 
doicd frith a ccrk at one rud and i^oom^cied hj a »maU bci»t tube. Tbr 
irhole sjitem u foMonod upon a board, with a h»1o gndaatcd to nobct 
And Itnpc, Th^ iabe« are tni half died vltb cold n«tep. nod bM walif 
IbcEL pi>urc<) [ntt> one of thi^m so 04 1c run down the ^Mr* nntH bo4h Idbci 
lire nt^nrlj full. The wfirm water will alnnji itncd 3 to 4 C^QtllD 
higher thdii ibo cold. Tha ei|)ertiu<-i]t ^utxieoda tx^ler wbtn the 
tubv ii priividf^d wlih a Etop-rocV, whfnh U not opened untfl both 
nre micd with water. The »iiiall tube caa tasify be welded to the iar|< 
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tube m^v at«o be 

top of vb« laiycr 



Fig. T3ft. 



ob«B, miieoii of being fMt«ii«d wtih <*ork>i. Tbe tmall 
luu^ enoui^U to pan t]]n)L]{;1i thu rurha uearlj Ui Uie 
oaes. The smaller ia then 
fiJJed Bvith eoJOTod vrnfrr, «ii« 
«r tlie lurge oui*!& wHh pure 
hot, &utl tho otber with cold 

[348] Maximum 
density of walan— To 
dcfnoDStrftte ihe T^t. InW ft 
rtonl thirraomfllcr lubr^ fttoot 
1 mill[TDr^t«r id koro. nud Llo^ 
OQ lh« fliu! or Ic a bolb 4 
c:<fitinictvn in lilnmcUr Fill 
Ihii tfa«naome1vr uitb diatili- 
*d wntcr, ^nt! soul il wh«u 
fnw Trum Air Any bultUi'v 
which *hovr thctn"olT<Tii may 
bo «ui]y broogJil by jwingidp 
Into th« upper pnrt. of tho 
tab*- Ntxt tie two wnxcd 
Uiraftda aronod tJio inbc. 
plunge it in mailing Irr. nnd 
mi>n the lover thrciul after 
ibc vaUt u it abks, tmti] it 
b«giBS torUi* tvgair : wh«» It 
CMiw to riia, plncf iTlc 
Mcond Ibrtfrd aX Xht lop uf 
tb« oolunn, Tlic ball may 
b% nmoT«d from tli« i^ to 

the bvHi in or<lcr to ibciw to nnrprul prru)nii At tlit tmiEie Umn tW 
Uw «oliUDii of «&i^ ainks. npidlj at Unt and ihta. mott ftlowLj, ontll it 
nachcf th« lower thr«ad and then riw* again. Wbca tUn wattr hai 
lliea ikbare ihr appcr thrvadr tin bulb fnij afpiin be ptun^d En ice Id 
ocOf r to shoH Ibii iuipurtuit Hict to all lli« auttit-iK^e villiouL miuc^'Utury 
lots of time. Tbc cipontion of flan occd aot be taken into cwiMdomtioa. 
ir Uw apparntdtf Mere made larger, ia order to render tl»e coteiu of 
water more appweut^ Hm cooHog and vmnilog woM [tmrfvii loo efowlf. 
Wilh tbo dimendoae ^fnm above, tb« dblMCO bttwetn tho tvo thr«*da 
win bo abcitt I to 5 tnilloneUm Tbe tempfrature of Ube oiutmaio 
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dcusilj oMj hn um\j monaarcd by liftving n little botUe, ia tke cori «J 
whiob U iLCQrtAd a Uieraam«ter, a. fig. 197, ^ol & glwsi ub* l>, 1 to a 

[34?] Expaufiion of gasefl. — To idiov thU, r^uim twly » 
iplA Air tb«niii>mcU*rp irbich mftm bj comporitoa vith a tncrumA] 
'th«niTotncit«r to cbovr (h» compantit* oxp4utoD ol gWM tod Itqoid*. 
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[350] Laiont Jioal of wator-— Wci^ oti is « und giam i 
A poant) of crnehvtt Ice or mow. adiI Add lo li qvlcUy ft poosd of wtAt! 
At l"^'* F. %irn\ «tir UicBi tos^thor ; Uio tcmponturo of t^ mUtutv win W 
99^ P. To inab« tbo cxpuriintcit snecctiHra], tic tvmporKtitTt of the roooa 
QQiut bo bat Jittio >bi>vc 0^ L\ It ii boitor H> Uk« 8 of 3 pondi of 
water &t a t«inpi?rninni t^r 95^ lo lOO**, b^c^auae iLk loKt Um Iwnt ftfaUt 
pouriug lu. Tho <|a»ntity ofhtcat brat i« doUrniiiied by &«Jvple caku' 
Ution. wbun the tt^ntpcrataro cf tbo mixture u abov^ ^^> la vuiBuicr. 
bowover, Ibe «ip«riiDeat will Aliray^ f^Lit ))ad roiiUu, om Aeeooat of tbc 
water alreadty mbii^l* 1 wEiU tlii^ Eo«, It i» desirable Id maner to ebon* 
tho tcmpmtan of tbc iratcr. iio th&t tbo iaixtar« iHU havo alwuL ibt 
ttimpoTOturo of th^ room. Tbi« »p«riEa«ntt oroa vfaeo tbo figvo* m 
Qot Tory flicraratn, fii voiy tr^ adapisd to lllastraxt tho tiapoitaat bv 
Utoat bc^at. 

[S&l] Troeslnfi: mixttir€e.--Th« [aiztaro of tbreo p«rti d 
poi]ud«cl fee Gv aaov, ani one pArt i>t o<»inmon MJt. rapfdly itirted will u 
Iron fiponn. yinlib a Miml'flulil mjust, ih^' If^ntpcnitum or vlikh Talli » 
Jc joramcr to 1 *^ or lO'* P, A lempcrtiuTc os low m 3" R may 
obtained by proTlouBly cooHag Ibo toll wElh looi and wrromding 
v«u«) In which tho Dtlxtoro li midc With tlio man. The qiMaMUtt 
emptciyed nhuulJ be unout^h loyTi-M ut I(!tut 3iir 8|iQ<uiidji<tf th«E mbnare^ 
Other Utfiinu mixtorcA ranntjt bo recomtucad^d for clasa illcttnUioa; 
Ibcy «ho« D9 thing more tlian cao bo nhowa witJL ica ukd salt, aJthoa|h 
■omv of (hein i^ckIdcp & lover t«uipr^ntUTV- In iho tLb«eo(-« of tct, > 
aufbd^ully low tuuipcratoro to frcttt wulur in Ihiii Inb^t cau bv proilDCcd 
by anixInrGuf oryiiullbst'd (iluubcr »ltnaai commcivie] ftinlog uirbiUc 
wTd. ThB following inlKfare li Tfttanblo. h^cnoieo tho salt* ««a be 
recoTontd by rrynttlliiaUon, and It may tberefoTQ be ait«d with adnnii^ 
an a Inr^ flcak.^ror rxampio, by confcctioncni. Ii cooAietA of fr 
of atl uniiimQiuc, 5 ptrU cf «a1tpctor, and 10 parU of wator at a Itm 
iUiiT« of 50' P, ; tha rolxlnre falk to 10^ F. Orobovd^ at«fU] 
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for Ibii purpose in roprcAcnkd Id fifca. TS8, 739. ocd *JSO, Ttie lev Is 
fonned In Cf^ulctl tb tuticf, opening uburo itito n common cyllLdrietl 



/V TS9' 



n^'}u. 






A|>uic«j nhtcb it! clowjd l)j ft cover aM rvjinuu-nteil In ^g. T29, Thift tifj^nr 
it II section or Ihi; ftcrf-intf A]^pt^Mu[! proper. Ii; Win Hno i ^, fijr l*^*'. 
vbieh Bft n ploQ vf thv euqic iLpfAmtan. Thv ttibMUnctj to bo Truzeu ia 
placcf] I& lb« cootud tulxts^ the cover unwrod on, auil Uic lower pkut nf 
lh« app&ratDH ftct in a hole made for it h tbc bottom of ft vrcoden tub, 
Eg. TS^. Tbe tub ta »Uber UlM wiiL the ftbuvc luixtiirv, or elw half llJIftd 
wllh xrrj cold wittflr, and lu oqnol wetgLit of Auji i?rjiUllii<?d Ditrnii: oT 
ftnuniniU ftdJcd to It; vbc cover Ix then fulcncd wi Itie tUfi, ftiii tJift 
IVe«Klujr appATotuB rapldlj timod by the bftudle- In n sboK limo, tbo 
wfticr in tLe ootiieftl tube* will be fro*on. Tiic fallowing are tbo ftMttng 
lutxtur^fb : 3 |KirLs of cijatuUixcd cblunile uf ciLltiuiu uud d pftrtfl of wov 
jield ft tcniperaUirc of 32^ to — Id'^ F. Eqanl p^rlB of *dov and dilute 
■ulphurjo utd yield rrom 23^ to — G0° F. 
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^^^^ [3^^ FiuiUe ftUoys u« obtoiaed hj tfc« fbUovIng mixtnns; — 


i 




nwuiuiih 


Tin. 


iM4. 


ru^Mal. 






1 


I 


aOl'2 R 






)| 


Si 


aia 


^1 






l| 




asfl\<( 


^^1 






s 




S6l 


^^^ 




4 


aj 


1 


24G 


^H 




4 






254 


^^1 




* 






s9a-« 


^H 










srefl-6 


^H 










sse^ 


^H 










200 


^^1 










»8-9 


^^1 






IS 


11 


300 


^^1 






18 


16 


3S0-4 


^^1 




i M 


1ft 


881 'i» 


^H 




1 « 




S34 


^^1 






Ifl 


15 


S41-B 


^^1 






5 




881-9 


^H 




i 


3a 




395 


^H 










4l<l 


^H 








U 


4S«-8 


■ 


8 


443 4 






4 Si 


44&'G 


^H 
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^^V< Thi 


hut MTTCD itlojft an nwd oa a bulh for Importing an unlfom 


^^^^^H 


^^^^Bto rntffn^ InfilriliTi'^nlj, vih\rh ft [n illfllrnit in rln whtn thAj IM liMC^^| 


^^^^■Vary h thlckiicM, The iirvt^a nlloji nrtmvd imparl rcvpectirdj ^^M 


^^r Iblfoninff tinU to bleol: palo y<«]][»r, j^lil yoliow, dork votJow, pnfl^^l 


^V rtoltft, ikrk b]nvi. Light bko ii ohuinifl fn boniuff UnBC«<^ o4] ^t 59ft*^H 


^H^^ laatnimttiU hrtttfld in tticw mctdlu? b«i1iB &t the fitiing paint iif«d^| 


^^^^Lftirthcr Unnporing. 


^^^^B (|3^3] Thv Hboration of caloric at tbo noraiRit of loltdificftlioa ii be^_ 


^F ftffiftfted In ihe rullowliif^ way: — Pliin^ la & ^Idal 9 |jftrtft of crj>ta]l^^| 


^B OlmtbcT *atU^ nnd 1 pt\rt wutcr. ti(rat !l 1o tie boHlnjc pojot. MmJ W^ 


^H lnfi«ciing a thpuno raptor in it, Ut Ih^ mixtura cool down to ^'7'* P. I» 


^^H lamnit^r It muet l)« iei Iti rool n-utvr. ir& jp«.ffi ct Oknb«T idti be tl!PU 


^V iDiroidiircd, the t^mprfaiuri.' ribes rapklly to 81'* or ${i^ F., wbiQe Uie 
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rt cf tb« tf^h frjUftllixc^it Ff \hv ronwl bo iruodin^ in if ftUr. 
ha n*niUT«4l l>j il Kiphoa JQbt tjcfarfl Oil* cr/diilliz&limi takm 

pkc«, elirc the icmpemtovt mil not riw so hlfh. Wbeo lie cIaia witb 
iU content! IB to bo prourTthl, the wotor whieb ovaporntoa mart be ro- 
ptirnd from time to Ifmo, o mfirk on the gTaw eervlng to imlipai^ ihe 
oHf^ol quantity. Th« phial ibo^ild l-c odI/ bdlf Mlcii, 

IlypoiiDlphlt« of BodA luny bo uuud for tbii DxporiDaont* nr^d do&4 oot 
r»qalr« thq Addition of wntpr* sEnoo th» salt (UsboItoa Sn tu owa vnt«r or 
crjulallimlloi). TJic iiijl»tir>ii U ulliiwr^l In this ta^o to cool to <^>^'~' or 
TT^; a aliftht agiuition of tbo glftaji vill cnuBe the wit to cTjatMliXF* 
ttid Ibe thomiotiittter will rise 13^. The resalt Ib uora striking; lu tbia 
vTpuritrK'Qt than im Ihn liurt. but h|poi;i;lpbitff of norln U not ftlvnfH to ht 
bull, nad ut rnihtr cxpcnaivr.-, 

[3M] CrrstatUzation of bismuth, — ThiB u effoL-tcJ mosi 
BubIj by meliicg 3 lo « Ibji. of tbo mirtal m a hemisph«ric7al iron ludlv, 
illuwini; it lo l'uoI nlowly ujitil a t'runl b farmed oa the lurfuvt.', ibrn 
brpftkiftic IhU wEtb « wire nnd poarlnjr out q^iickly the eifl] fluid mtt*l 
from within. Thit jioltiB, if not nlwuy* lirgo crrBtafi^ nt Icnrt fticw*, fr^im 
whIHi projec'l lite corners of nuiDbeHehcfl oabea. Ffotf Inrge vryKtAk with 



be&ittlful ffUlrOlic [Lrmnwcmccjt cim be obubed 
only bj mftktnj^ tbt hinmuth elicmit^fllly pxire, 
wblob Ifl a rather l^dloai operation, 

[855] Laws of vaporization. — Tn 
illoitnte thin stthjiK^t. «□ v^thoTt^fut^l \\g. '31, 
ftQd ft vido glo^ tube, n met^r or more in 

lonffth. irtll HnAHpd Lnil rltavd lit rjnn nnil. 

Thin tu(>c. prDviouidy wcruK-d, ia fillt-d Uirongh 
ft pftpcr found with puro boiJtKl mon^ury* to 
wltbta ( OF 1 coEtEioi'trrr of tho top, imd Ibo 
ftir bobblrM «Lr<Tfa1]y ramcired in ihu uiiutuer 
4e*cnbod in | 5fi Tbia mar aI«o be cBbcl«d 
bv pl^&dnpr tbo filled tabo andcr tb*^ rcc*iror of 
BTi nJr-pamp, ond exlinnetinp llic air n« L'om- 
pMrly a* pcMnibltt; tha I'wape of the bubbles 
brtn^ ftldcd by irontle ajptAtlon, After tba air 
Is nuntn ftdmittod, luven ih« lube In mm-nrj', 
rtploro It nndiT Ibo rvr^eiT^fn and repent ibe 
exhiLUfttton; tben inclln*^ ihe tab? %a th&l tbc 
roCTCUPy EDftj lonch the top^ doau k with tbo 
ftn^r, And romovo fit from the meirrrry, tnveri 
it, niid repliii:e it under Ibe olr-pamp wilb Ibc 



Fig. nh 
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aptrlDre upvBH. Pfll U al lut, complctolj tHiIl mGrcuTf. Wl 
tbciiij prcmotioai, tbu inuiu voutd vnrf too tanch from tbo Law, 
BcTODiit or llie alt laclitfinl in tb« HpHo« nbove tha muruury. Pill ilia 



Ji^ 741 



Fig "jaS, 



of th« ttibc irlUi b<^vd mlpJiQric ctKi 
^ f jj/, 144. ^[o4,% It vitt) tjie Gaga; nti*i icTtrt it 

n^ tlie Tfinwl The plhcrr my hA Introdi 

V^ nliL-i^ titc iaroncd tubo in oatlrdf II!< 

W^ niUi UMTcoTj, ic orJor to ikoir ibe imi 

ifl^ dinl« drpr«i«1aii nr lb« lalur; for ihl 

V^ ;iLir)HiA(?, taku b crooked tttbc, tike 

^ ^^ '•^-' ^ ><> ^ tncbcn )ao|;, poor bto 

B ^^^^^»^^F ^Q'^^Fb flDlphario ulber to flD H sp 1*^ 

P ^^V^H^^^ iha point, Imtnervft It In qakiiflrcf, 

yrUh ihv. point imdcr Ibc barometer labc, nud odd ft l^itk more clbtf, 
from ^1 pipcUoi llipn doae the upper end of the tab« vlth tb< fini 

nnd oxp«l u mooh rthctF flJ neooiiftfv b; tbc wmrmtli ij] 
thi? baiul. 

I^e kwA of f a|><>ri£atioin mar ^ ^H ^^^^ UlisinUli 
with tb& Appamtiit thou nrnuigvri, enrc bcmg tnkoa not] 
to Lalroi^tiL-e tnio itje lube oiiouKb oiber to bAUace 
prcuaro of the ftlr, whcti the lobe 'a dniwu oot of 
ixatfpl Qft far w pM&iblo- Fko vilUmclcri of cUwr 
«ii<>iig^ fi>r ft tabo Dot ovot 1 nour la Jaogtb- Ti 
i;o]kd«nKat[Qii aud Gi]innHloa of llie tnpot of etbir 
&bo bu cxhibUed whau it does not tilt the Tacnaa. 
liknvhc tho incrQiuw and dncT«tM) of lit «)Rfl1kitj, 
the »|ini'fi iv niLuk' mnnllL'r ur kirgvr. Tuh», cluanl 
<iD« ci»i vrith on iron ncrev. ur« very conreaEent. Tbi 
uro htHt irmrtod^ eatiral^ open, ia tb< TaE«a«t fig. ill 
dmwii OTit B£ fur m po«fEl1^ ituuiened sgula, openi 
And i\K rtui^ultjj; topocc filled to OTcrHutBlaf MJ 
boilirti ether; tlic upi^nare b thea doted, Md the Api 
ntQft b rotdy for 9Kp«rim«Qt 

Piir thnw cxprrimi^iitH, k U vor7 FonTcaicnt to bin 
a A(dIl> rA«l«ttvd to lUe franiv, the xerv point of whii 
iniiLctkUR how tajf the *roAul shoald be fitlod vith m«rvui7| 
tie >L-nIe ini»t be gndutttv^l to eorr«t{j>oad wHb 
b&roiDtTler ii»«d. TLe acaIc mljclit b« marked wi 
iadiofi-ialc ou the tabe itjcclf. 

To ibov iho on'ei.-t of ft rXfiti of i«mpprnliih> lo li 
Sng tbo eWticlty uf ibe T«por of ether, joiu ^eed oal 
hold b piece of boated aelftl a«ar tbc t^be^ 
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To Tnooauro lUu otoniJdiy of tiao vapor of wattr b«loir S I %"" V. , tato b 
Riphon hftromnl^. like fig 133^ whh a tnli>ra1t1j large hnib, ftnd ^IrniP nni 
iho end of ihv bnlh to ■ iiniuL. Introdacri iratrr Into Ibc bulb abmt; the 
mfKury, boil it umil tbe air iaeniMTirxTjdlcd, and then seal lli?up«rlure. 
The []lfr«raiif<« of l«r«] of tho moTcuty lit Uio tiilM nnd la Ibo balb ln<llofttM 
(Jirrctly tLi! eliulin Tonv tit iha vapor of vr^iEr ai ilifi oIjw rvri] tj-niptrntiiri?, 
Elhcr mft^ be cioploirod in tba auetjc «aj, aaj \KiiU-d ly \jc\i\t: \>]\inz^t\ [n 
bot vfitcr, Thf tubo ea ftttncbcd Liko a thormoLnQtcr to u Ix^nivl, on 
nbU^h A srale in drnwn- Thi* mercury in thi? tube mu^l iioL be vmre Ulilh 
mOtcfoai tu Qll J of lli« bulb, uid llie wuU-r, al'iBf boJliu^, ujutl gtiiipj 
]«M thaji th« rcmainini; likird. A M]i^d baf4>niotiTr k uot ncccn^arj, Opo 
flU«d Willi boiled nivrn'urj aut) pla^.i^il undor the air-pump, lu dirvc'T«d 
obovQ. yteM« fluffleleiitly AtTiirate reKiilta for l^iiiperLiiurm below i\\v boiling 
pcJot. In filliiiic* if U conTcnknt 1o hoTe the pohL bent outwiirti in the 
pittao of the two tubcc^ Tlic tube h then pUcod in a sftfc podiicn, with 
th^ tiDlb orer a lerge dl«j>, and th« upper end 1ow«at; tb« inerL^ar? 
iiilrnducnl ibroiijc^ a gLuw dilir ilniwn iful lu n Giiu pcilnl, »m1 grwIuiUlj 
vorkcd round Ihc brnd bj hotdinff ihc^ tutx; nearly hgriKonlaL fn nmnll 
tiilx^i<, Ibo Kucc^eRETc portfooK of nicrcary wbJL'b [hub (ba Iwnd do iiot nuit^ 
ntAiJily. luid rvcoiii^n riijtit Vif bnit Ut iho n^nlrlfiigiil force, hj itvlnglng the 
lobe with a nhort (triafC tied oronnd thr bend. By Inhbis a tabc firoihr 



■u 



to fi^. V-i^, aiul BVttliiifc tip wnU^i bcilvd in tbu bnlb 
oTtr thp tnflrrBry, wp Ijita rin nppsnitnfl by wiiloh 
the tcnsltm of vnpon over 212° K. mnybc dcUrm* 
inod. 40 far as xht bclicbt of the tubo allovrs. The 
water in bcfUcd in a mt^rcnrj bulb. 

[SriO] Tbu foltuAicif^ ejcptriuienl Kerveti to llTus- 

to tIjQ law, so [mportoiil (ot iIic coiidcuHiui; ek^iu- 

engictCt that rapor in a clo»d tpat'v nlvmj* haf the 

rensTon whiob r'orreHjH^mls ui tbo coldest part of the 

^^appamlu*. Hhiw n bnlb, { ipch Jn dinrnot«T> upon 

^^^ baruniotar inhe, 3P inolit^s lon^; bund the tnbo 

^^Blro nt right nrgf^a and faftten It to a support, as 

Hhown in fig. iSd. ]iilr«JnrD iLulphuHc^ oLhrr mUi 

tiic bulb, hail the «ther nitber by a f^pirlt-lamp or 

hoi vAUr, aikd h««p it boUJ[ig until it iti curUin that 

alL Ihi) air Is ai|H^]lDd from ih« bntb and the tnbe; 

if llic bulb wm half full of cllji^r. the hnlf uf it uuy 

be rapidly evaporated, Whtio tho clEii-r ie atili 

boilioj;, pltiDgv tiic cad of tbs tube into a glau eoa- 

iaing warm, bolted uitfrt-urj-, Ou co"liu[f, tit) 



jpt?. 134. 
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m*fCOfy riia* ffw^nftUy la the Inh^. to a holphi formiwiHUD; U> iba 
Tf?rn|>tmtanT nf Uiv ulr, a Ikilc olhcr condeaib^oftiUtforfBcQ^ MpvcUlj 
wUii colli CDcrcurj Ib bn^. AVbcn tho inoroary o«4Ma to tui, plaag* tfa« 
balh into ft icIuk of ii« w»ut; Ihe mnncury wUI ftgftin be^ to H>4 ud 
ioon rvBclien tlie h«lghl romttpotidiQg to tlua iiev temirantoft, aklioiii|ft[ 

0&i7 the balb wd cot the tnbo wu cooledL'i 
Wj7 I3fl, Duriag thii, tb<s «lier «ondKUtfd on ibU 

' — , j-"^ aiirfflj-'e uf ibe nia\riir7 «Tftporex««. If 

If^ tucn^ury bu not been bollod. tar bobbl 

^K will ri<o tbroni^h il 00 ooolinp; UUa 

^^L ' ib« m&ln KKiilt uulj la so tar ■« It 

^^^^ HHuewbfti tlio Ijciifbi of iht nMmry hi 

l^P tnU. 

It U not t«r7 euy lo blow ft lifg« 
on to lijug ft tnbe ; \t (hln manot h* il 
fii A lllllo Ibiu iel«»» labial to the t«b« 
mcoAi of ft cork- I( u wf^\\, in IhiA 
to imfiftM the vxpMt]U«&lv aa far u 
fii^ witb lc«. before lli« lectarv, 
tbvr cooliiig tj (bo Icmpvutare oT tbe 
proceed* fibvly, on nceooat of tbo 
oMft of ibe gloM, TblB ttXparfDaent 
nsnally nude wlih Ivo t^ninll nuku of 
i capadty cf 1 Co 3 cubic tncbtt, w 
fiff. T35l Tbo cUwr U boUed IB 
ud wbon the «hu]« bM m attft 
iffnijHTuture of f^e »ir, oiM of the 
ifl cool«d. 
f35T] Tito fipfiantiH roprenoDted in hg. TS«, ( to J of tho r«>1 tt>«, 
iWgn^d 10 nbov thftt tliEt ftame lawi wbiob applj to vnp^m of pt^MT 
vbtct hold |[0od ftlit^ far olbor fcafictt IL cdnai^t^ of ■ fUOQff 
cjUiider (J, f^jlb braos c&pa on each lud; into ibt upper one b ttsrewod 
forring-pomp, and a vator r«iervotr ti. Wklb ^b« dltn«iiilDnfl glr«a. 
gliui mujil bi^ fruiii T in s ntI!1JKi»^#rii tlilrrk^ (thin, aI lamt, u huflQcionl 
iLDti tbo jotdta ymW Aocnned bj wothnn, ^Vtthin Ibt cjlitidet U piftccd an 
Iroa 70b8cJ witik o I(>u|; Landlij a, OL^ntalniug m«|ci>r% ftnd In ibl^ fonr 
KiaaU titbet, ouu of wbleh <?oiita1nE ntntoaphnric air, nod Ik jtradnolaj b^ 
Miuu^plierev ; ihtj vthcn cujitain gucoua mlpburcio nri'l. aAUBOoia, aad 
cvnnojcttn. Tbo niurvurr oiatom n^^od not be aivtn ibun bulf w high It 
shown la lb« Ti^urc, and tb« tubttia mmt b? flutonod In bofa« vaj lo tlw 
ha&dic, i^'or lliU |jurp£i«i3, two dislu are teUinfd to tbe hndfa^tfldr 
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provided wilb four iplit riDfc<t whidi c^n be 
Ug}]UTiir<] hy n wtbit. The li>ad]c which 
vappurU tlitiiT? dUkdt inujit bo nascnwed fKHB 
ibt boltom of ihe r«ucl, in ofdcr to p«M lb« 
riDff* 0T«F th« tobtta; but sfaoo the na|^ 
luUHt, nt nil ni^nU, h^ nnile eliuilo ind 
Aomfslitft) irith a ncfxw, u [ij fl^c- 73T, Na 1, 
it would, p«rhiipd, be hctur to adopt one of 

Fig. TST. 





the ihrofi oth«r uiod«i or nuuaiiig indicated 
til flf^. ir^T, «> iliat tJitt tcTkM [iccd onlj be nt 
iu LliBir ^acDs. I ifoulil [rrernr N>j, S^ Tbo 

to tbo upper cap, >o tfaot tho ftntatn of 
fukl cimdtin^ed iifjcve th« m^ivnrj wilt ba 
appareut. «iioui£b> Whfln Ibt vcmet a I* In 
ju pljico. fill C wLtb water, (ftcw od the 
pufnp, [ill b tlso witb vAter, nrid turn lh% 
stop-cock 4 KO IU to make a comni&nii^tioa 
brtvncn the pump And tho rcNnroir A. «< 
Eiht>wu by tbe inarfcA on tho boudtv. Th«a 
dr&v np thft pinion <o nii ici All tbr piirnp 
wilb TTfltor. lum tbo cock a iiaATtcr of 
rergltiLion fio lut to cloic tbo cotDucoicatlt 
b«fnec*n ib& pump uml f>, and opMi thai wEth 
C. ihnii dcprcu the pifltfjo- Alter a few 
Hlri>to of Uic piBtoD. iuni tb« cock cftrcfnlJy 
BO oA to KDOto a commanication batwe^n G 
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b, Ic crdtt ia ftlkw iba m\t left In Ut «npf. Tbiv in 
uiitil no more ftir escapM. The Gomfiraftioii b aov oooUmed. 
AwoQt of th« iBBVOGrj in tite Ub* filled wiib nir iikdicaiioff at «fteh moi 
tliu pnastlTfl; tliQ other gw««, imfe urttrr tlip oibrr, becoow Ijqalil, wid 
aooD M one of tlioai bej^ioA to Ifqueff* the marcurj ritci onlj tn 
tube, Qutil Iho iTBA it ontiruij conrcrt«d to liqaid. Bj opcitiaK 
cock f n ItiUe towArd b, Uie nftter gmlaftlly «M«pM, nitil vhta 
prH»aTfl i» wlIlcicDtly illniiniAbrHJ to nltow one of tho litjuldfl to 
gwwoiM, il oosuotcfl tbU ^onditioo nit rapidly as \ht v«I«t can oicapQ^ 
op<Blnff Ui9 Kppar«iQ« lo «mpij It, ih« coiamoniouton bnwnn 6 «m1 IteJ 
cyliHiirr C tniiJil br left oprnf-rl ■ cj|hprwl«n a rmn'fju-linn t» prrrNfnced b 
<rhep the puiup u uiuL-nwcd. oitil p&rt of tbe gvpi t9c-Ap« rrom tho tcl 
It 1a well, bofoni opooiD^ tho nppamue, to recnori! Ib« valor IVom fr bf ij 
alpbon Tho upparmiii; mntl ho ptnplLi^d Mf?h time, benuie od« of tbl] 
^UMH ilccompuHFB^ tLHil ikU an? gnuluullj iLbaurhrtt- 

With this Apparatas, a vcfMl h u«u«]Jr fafnistied to Aov tbe co«?| 
prtidibilitj of voter, aocordinfE t^ tho mt^thoci of Co1l«don ud StarsL 

[3ri8] A rimllftr «[|ieriment (t&u he miul« nitb the Alr*piimp And etbtf.. 
Tkko perfectlj cbwi ^Iw tQb«, about S-l ccotluicten kinjc. »in«wh«t] 
ooatnolGii and doted at odo end, and till it to vithin 9 inUUnteten of 
top, vlth hot boiled mvreury. jmarnl througb n tofig, pointed tube, ({ Wl);J 
Fill tho reiti with bufled citifti. hmcI iiihen It h lutrntirj- Dotkle this tnl 
plnco one of the «amc lenf^th, inclofliofC ftboat 3 ccnUmcton of nIr. If tl 
Fig. 139. ^^ ^ atdwjy etlmuiiteil, th« m^ri^ur^ At Ant al&kt i& ikl 

Q ^ lUr tutw nntil iho toiiKlon of iUn vapor of Mher U 

I ft to Ibo prowEtrc of tbe Air irhicb recaabei, ivttcn vapoi 

I H ation bf^iuA And iho ru«rcury in the air tQb4 ni 

4|jt BtAtlnnary- on tho r^admlEsfciti of tb« air. the 

tnkM plnco, Thfi pump muHt be worked ««rj Uowlf^ 
cite the mercury will not rv^mnln Blatlonarjr ia tho 
Tho oxporinicQt should bo tried bifforc ciAAItiits it. 
upon tilt.' lultnifivloii uf Uie nir, aji nlr bubble 
AppeuCA uboie the ether; tho ether tobe mutt 
cloiod with tho taf^r, ronicired from tbe etetem, 
Glled up vrUh boiled eth*r. If too mnrb nthnr Iiaa bnn 
iairodaceil At Hr^^ cxhaufit lli« nir, antil % portion of il 

JP^^F^ mini complete, A woodeo rAp 1a Attod tfghtlf upon 
r|l^^B| tk» glAM cup 4; UiiM tajiportt a boird triib a croM- 

*■ ^* piece hnripff two hoUs for Ihe tube* WIkh tfae teta 

nre pluugtd iu tho tntsrcary tho cia;«m taust b« netrlj full, aihI 
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ihtTtSon^ be Ht in ft l&rgtr toskI; tba oioceei moct be ponred oatbefora 
ik« Tooden cop Is «|]pped i>Tpr the tribes Th« eip<>rifQ»Dt U sllll more 
issUlKliic* \i > ImIIci) baromctrr Uibc can bo Introfimwil nmlcr th« 
ncdrer At tfac Miao time, bat it mtist be, bt but. l& rnchcj high. 
IftsMd of flU&Qg the tabes Kol, it caq be done a& dtacrfb^d lo $ 33T, 



*0 IXPfimHEMTS OH THB DirFTJBIOH OP VAPOM THBOUOH 

OAS£S. 



[369] In order to dfloiioafitrato the Uir that gue^, which, ia a *Mt of 
KAiuntioa Afl nnj «pooev vbeo mlo^led with otber ga»&s havo lb» »ftme 
Lemian ut In n vtu-iium, iimko tbr? taino KfrnTigamiint u for Mftrlotto's 
lav, S 99, >aJ tUeu tiiLruUvce Utu ibo 
bftr^mctor Itibo a few drops of salpbarlo 
ttb«r. The mercury linhB immediately. 
rf Ibo wr be rcduL'n] to itei fiJTiuor 
rolumoi bj dtprcnluK tLc titbo. iLe tcu- 
doD will be iaorttMd by an umt^ont equal 
to dw tension of tb« vapor of etb«r in 
TBCQO. at tbo flvvD icrapcmtarc TLEs 
mnj nlsa bo ihovn rory aamply in Uu 
foUowfag vayi Tele a fi&t-l)otEom«d 
flttik, flg. 7SS, fit in It ft row! cork witb 
tvo gLoAs tubct. OQO of which i» bent to 
eerre a« a manometer. Urj Ihc dask 
tboTflnghly bj ponnnntlnp nrui of ihfl 
tohcra vitb the atr-pump and lb« otbf^r 
wilh tbft chlorldo ^^f o-olufum tube, tijr, 
TS9, by mcanE of caontrhoao connexion, 
a^id [iiukbt; At^fctul Mroku vrilli Llii.' 
pomp, atinlcfTals of Ifi minnltn. When 
the TcweE ii filled wiih perfcrUy dry t-ir. 

Fig. 740, 





disconnect it, am! pour som? mprrtiry Into tTiv Tiiiuometpr inbo. ConnMTt 
A nnall fbnnol, Ug- 141, to Ibe other lub« b^ mfiaus cf ludin'rubbern which 
ie s^Eteesod togalhcr bj n elamp> ($ 304,) Put oratcr in tbc funtid, and 

9t.S 
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I«l u Cftw dr^pa teU into thft Qjuk. Buror« lonj^^ llv oofrDrj \m tk* iDi 
nater iril] tuJtcat* vi UK^rviu? iu LUti teuMuu vt ilia air wUliIii. 
«n HTtnl otbtr plec^ of ftpp^r^tue for similar «xp«ria*Dtf, wikk 
lM3v«T«r, «(paD^Tv And cot eoMf lo liondlo. 



fl'flL H», 



ilV-lifl. 



iVl4L- 




0« tffSi 




[SCO] The rollowiuff oiperimoatBr in iidd]ii>>ii lo ibMe eiiuia«ratfd 
§ 101!. d, «*ritf Iu kIi^jw lliQ t[]f!ui^ij('i? uf pnrisiun' npon tbs boililf 

(a) Iht ii:ii.tcr'h<intmer. Blow n bulb upon m eloat |fl«» lube, ftf^ 1 
1 foot looFTf ^^d <!fnvont the tube beyond ihl« to ft points FQL 
tabe vrtlb vrat^r up to ib» briTb, boll &vaf euf^ugL to tcui« tt half 
and, wbiU bolllo^, melt tbc fmo poit^l. lu aucti comb, ni tbe 
l]Cconr?!( rnj hot* it omy ht hM vrtth a vroodtan cUmp, flic- ~41> Uto 
from a dand to htf dev^rlbed h«r«afl«r As tlie tub« ia now tscdoiu, 
wdlcr win boil in It Irj the lir-nL of thci bund, whan it U bi»M by Ui« halh 
Sa a Dvul)^ horixctaUL poajtioii. If quickly tumcd up, m m to let 
wier ruit In Xtt oib^r «&d of tfa« tube, u wllJ at^lM vlUi a louad 
Eti^rt'Eiry )d tbc buromuter, wiLhoat brtaking tho tuba, If woll ap»M^ 
To nuskc thi» leqdroft » bot flro wd Ck «te«dy b&uU. 

{^) 7^4^ puiw-^4i9t. BloT twi; bi]lb« ou a leloM tobc, bend tbo 
iwlru ui rf^bt tiij^tei. oji tven in [iff, 144, Bnd dnv oat U>a «nl to a poteL 
yiU tLe bulb a and ihv tube Av}ib TO to 80 per ccat alcohol colored with 
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BnEil'Wiod, expel tbe ur by boilinff. ud w«3 Uio tut«,. with «boQt Lalf 

ft bQjJ> luJI of Ait^abol fo iL Wbtn held horisontAlIf bj «no b&lb 

TiU) the balliB nppnrmoJ^t. ih« i^, 744^ 

Uqaid wJU hv dnvcLi with livulj 

tbullitioa tmm od« bulb to Uie 

other, imd a anndble d«gre« 

of culU pruOucc^il bjr the «»ftp- 

(e) A luatlar expoHmcDt vail known m th« culinnry pumEox, muy tiQ 
niaile •» rv|treivi]tei [n fij;. T45. T!i* Mask 'i U rlnflok rorkprl, while thn 
Wfttw witbta 1» Lu ni|jii tibulliliuu. Tbi; uppliL'alJoii 
of edd to the cstcriof canned ihtt cbnllitioa to oom- 'X?' "^ *'^ 

meooe agftEa, until tLij u»ni]jvrui^rd of tho vboCe 
fpillA tM^Iow iho point 41 utilc-li wAl.irr tpriilx in vacuu. 

(if) /*a;jin'fi dig<tUr. For illnstmtion, h is 
eufliot«nt li!) aliow the rUo of tbe IxitUng point nith 
the In£>r#aiP of prvwnfv op to n, fnw nimQaplicTriTi. 
For tbU purjKjKu the boiier iltouUI be lu u cylbUrkal 
form, h invLLOB wjiiu and li u> 15 loohoe lonj&r; iho 
Riot^ mnKt bo 3 mUlimoten tbick, to bear tdth mfei; 
till uvvr'prtwtiTtf uf fuur atmuK[ib«rw. Tbt buSler 
mo8lh»T0 ft Aftfcty'TftUc, fttt'l a K^^UKC-cock lo lc«t 
tbo boight of ih« w&E«r, which i1ioa)d net iii^k bobvr 
the lere) of tlie surftco expuvml to tboi fire, a hteam- 
Codl» 4ail A thflTmorDctcr* The boiliniJ: point gf tlio 
]att«f muat U' wittioul the vcbauI; itn eoalu ucmI not 
be i^adriiiUfl ftVioT* 1<*0* F. It U i^pwifrttert In 
vitL Ililibrfju ctmcDl, If ibo Grc*LMiii hv, Li.^jilatcd 
bj foiiricluia k}s^, as b fi^i, 74C Dotl 74:, Ihe bolkt 
may bt? tmcd eik h ioafcu of cEoctridty. Tho fln>-paii 
iii laudi: ^jiuply oT^bpeL iron. Ibc piwtorior plIhb n «, 
'i:- T47. belaf b«Qt allgbU; bvartl. U t^mliiAtei 
Dt tlio buck in n «hort pipi^, whioh ihould bo con- 
i}ecti<i) wllb ni i^ooct rbluinej. It ultoultl h^w h 
grate luiii door. Tbo bailor niny bo Ijcnied wJlb 
epirit oontAiDvd in a box iittJu^ into ibiit pau, pud 
pTOTidod iviib 13 to *20 nlck«. <tuck tbroEgh bol«« 
la tbc tup. A piiiL til Hjunt u RuITirimiL ftjr n K<'rEc> of rxptrlTOi'iits vrltb 
a boUer of tho ditucnaione i^irou^ ^upL'nalljT ^bvn iilbd &t brft witb hot 
w»tor. r^g. ~ti^ rcprvicniE tho Inmji. Tbo prooauUott must nover bo 
neglected nuL lu ulluw l!ir' wat«r tu full wj bjvr m tri l^nTnunj part of the 
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hfiMfttI sarf&ce ancortred. With i&ch moil dsauDoloau & ^ogo^ti 
ctnn^t be applied, ud «hcti the p)r««»QF« ta high th« wia«r.-Mrk slwftjn 



%,746. 




wcina to emit steauiH Iwrauhtf tin T«rj hot tvatcr cvnpontn \u Uu 
^; but if the hdnd be pa»tci1 throai^h thn jet, Ihc oopioiu laojtfiN 
depodted will fimii£h prrlty safe eridfuce wtiether th« «tma 
llqatd irttor. 





If It he deetr^ to open the boCler, «lih«r lo cle^iTi U cr to fntrod 
lOTDGtliin^ Into ft* an froc rfukC sliuaM be rirct«d to ihc cad, and ih« 
wiLh ihc gaitgL^-covk etcrewcd to thidi, as »ccn in fij?, 140. 

For tli«w expohmontB, tbe vttight roqutn^d li;r tbo tnir^ty-Tmlrc fut 
atJitOKphcn iliaiild Hnt Ln ^atmlutj^il. ibiT liollcr plocrti nnd«r tb* b 
the lettt fospeoded bjr iu fulcmra, ood tbe aLldc tnor&J actU il c«aa 
bataw»B the v«]ght ic tb« oih«r p«n, Tha po<ltioii of th« 
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TIm TftHo BBSt dOOT tin Bpftrtcrc uiui^ttj, und the luu dT tbe apertorft 
mnt b« Tvry toonrfttolf m«aEDr«d. The ihermometAr la then Inserted, 
■Dd tbc boiler heolitiJ »Uli Turning loads ii|if)n llto vnlvt?, niitl! tb^ Rle^TQ 
not <nlf eKap«f btr« nnij {\xvtt. ^lut reallj ojiqeih th« rtdre. Dud th« load 
cf tbo lAttOT it tbdn pomrolkd, bofcrra th« marltf; ar« ponnaneiiUi^ evii tnto 
Uic Ivvvr. Wbeu iha B|^|iKruii]K h duti|{nrd ffir nu cthi^r eur» ihn form 
atiovn In fi(p, T50 la tlie dniplest. Id thli figuro, iht thennomet^r ia 
Innrtcd la mareary coDUinod in & ihoH IroD tobc acnwmI Int^ the top. 




[fl61] LeidcniroSt'a CiporimCDt,— T»kc n small «lTcr or 
pUUna cujjfQlo, fig. T51, h«tit«d to rcdn«M of^r a spirit Jump, kihI ]«l A 
drop of itAif^r tk\\ npon it fhim a ^Iuh tuTic. 
Wlipn ilic tpinL Uame ia good, aftvera) drop* ^^^ *°^' 

roiy b« Ut fiill in <|uicli ndccesfrion, Whilo lio 
copsul-s romaiii* orcr tlic tkv, Iho »alpr erupii- 
rtlw T«T7 itciwlj, wilh ft tmistdHU Ireiuutoua, 
rotar/ motion; lar^e drops ftAsniaipjc ofUo an almost angular form. 
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1041 miniiM dro^i oxplodffl soddtnly. Wb«ii rom^TMl from Um In 
i« mm Ixfgiat, 0* toon u the capcnte k cooUd ImIow fed hnt, U 
len* to tbe surflice. nntl ev»L|KiTBtefl verr rapldty. Other neiah, aoA 
H^AJQ, oxh^t the umc pbcBoincni. Itio oxpfriment cs& be aud« 
ft etlTer Uftftpoon, tf the laoip bum* vrelL It mwMdi bMntifdUx a 
A 1flrg« pUtlTtn ffUh, Imt It mnm tw hnAtFd Ofcv bonlns «Mb, or « ^ 
flam«. In n [Jatina CTDcible, voter cfta be «CDianUt<d nfflcisDt lo 
tinm«rBe in it ft th«r»Ottet^. wbidi vrili inftlcPlff SOS^to dO^° F. Ta 
»M iho trvmnloiH motron, Knd lh4 Mgnlsr 6^:nrM vhloh Uio dropi 
atuuiDL*. (lie HiicKii] Hbuulil bta fdeitentd tu tomv nuppcirt. 

Tli« cxpcritnent of pafl^njr t1i« lifiiid throngiti laolUii neUla bdoasik 
ihiH ploca^ ]f ft infflcitnt qnftotitf of lond (10 to 9nibft)bft ntlM bto 
Iron |>ftn, U maj t>e ttlrred with ihv h&nd vEllionl the Inct iifaij, 
au-i, inJccd, ft Miufttloii of cooWv U TcLt, iib« ibft hand b ■aoiilBnii 
will) cUitT, 

[3^3] Hygromoters.— 1-'rL<1^r thts mm? ars> fnclndfd &]] kvUfr 
mcntn uj^^il to iDdtcfttf Iho nmrjtjnl at mctitarc Iq Ihc atnotipbefa- Tbflf 
ixrc cf tn<» oloAiPs. To tb« fint botouj? two iutraoicvitc vUdi ^Tctt» 
degree of molKinre (11r4>i^tJj: ihai U» whether t)i» ftir U mom cr Icit iftto- 
raind with maUtiirr ; tlio ncliiiil qaftiitJtj: fif Tiqior <ir watrr bcln^ d«Mn» 
fneti bjib«aiilofa chormonwt«r Tbe LDAtTusi»BUof lb« othctdaa^ 
diriH^U^r ihi.' qnnattty ot n-ptcr, und tlw froctioii of fftlarallon U dototmbcd 
hj ihv ([itirmuneler. To the fir^t dftift bolou^ tliofte tOf« vliJfh libi* a 
calf:ut>3or3iQcb» lon^, faMcued ftt out cod, wl lb iq lodtx ftl tbe olhrr. 
UtEualljn hunaa tif^ur'? \a chmca, npon tltoboek of vbicbaqalll ii ted; 
Itic OJilgiit 14 r'ontMneil En This, aud U Inslened ftt Ihe Tartber ««d of ib» 
i|ul11, wkb flic titbrr ^^nd of vbt Mriajf poR^iiijE ihrou^li tbn flgoro to tb« 
arm, wbicb vcrve-t a4 an iadtx. Tbeao Uiiftfr* bftre no ocolf. 

B«flidea ibeae, tber* ftr« hygTOni«ier« of itood, vhRMoM; ftad hfttr- 
Thpj7 nil h*ivr n rcnrlprarlr <pik!c, Tlie lero point Fa nhUiiMd by ptflrhf 
l)it tHHtrmncnt, Willi clloddu of Oftldoa or NurdbftUfCD Mlpboric acA 
HTM Lor ft boll-plaft4» nnd ujnrhinf^ tho poriiion of tbo Indox. vbon AaU^mij^ 
which will bt in abixtt tU bourn Tin' puint orsuiiirAtlut: !■ 100^ and li 
ubtnined bj plftciut' Uie iuKtmineiil with w«t MotLtu^t**P*'^ nvder 4 b«ll- 
f!:la>«. U ifi incorrccl lo pZnn^v ihc nhok inniruiocnC in Vfttct. ■> 
dirccUd bjr Do Luc, in order to fiiid ib« potfit of grvaieH MtarMioD tf 
tb« ftlr 

(d) Tlu toood kygromettr, Pijcs. T&8 and 753 dro n plan and view 
ofthi*. TffO wooden rodiATC ra«1CD«d Dprigti I in tlioboftrd^ft; tlWM 
are grooved cm tbe lnsfd«, and In thftu gmorra k Inwrtfd ft Ulp at Ar 
<^ C| not onr one line in thickneis. It must be mftd« of fine ^rtt&ed 
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vocd, fmf from kncitn, Anil mitut riklf nanily in lh« ffmciTrH. To cmo of 
tbc b«n » ftutcncd a ptat^ d, iipi>ii the back of which Is Ihc ^in c, figk 

#V US. 



i%.U8. 





>^, 7^4, 



A 



r^l- An iodct ii fixed on the Gmt cITact of thli pin. aiLd hc^Td <1owd bj t^ 
Tko/, ric&ted OIL tiLC B^ond oOsct. Tho index Tcon^i rarely. iui<] reeie hy 
m pin on tho dip r, whfrh rnnEnr]iirntIy tnls^H t)ip Tndi^T nhfn itxjttiattatl 
by the mmsture. When the trood fronltACU. the iaiJcx nmkit by ib owq 

^^Viiictit. Tho nal4 U niArkod on the cthor bar- 

^^m6) Tht hair hygromftifr In the rncst nuerul of nil, bi»>p>L« the 

^^QglOW opic hoilj, whieh Is u iiucjolli, atral^jiL, liLiriiiiu Uair Ixjikid Eu wtink 
•Ikafi, \b MiAlyohtaJnod. The hair t^xp^ndit from iU conditioB of f^ivchtcAt 
dfynttu to Ibpt of groateflt moUtnro, ahoat ^^ of iu len^lu ¥{^. t5S 
Mid TAG re|irtfvent Uie litHiruiTient : r^ n U n braM fninie, ou one aM« or 
■lifeb n the ftiftl-pbte 6. nnd on the ^ihcr an trie r, mpporttnfr between 
them lUi nxlo, kLoe» nTN;umfi*ruD[;e id u liU!c mr>fv thau J^ tl^c Soti^h of 
thft hair Th<* rixifl W maio t.rt moxe nn ImleT nvflr thft dUl-plntn. A 
pia IK inaicrtod in Uit^ other end of thn ftv^xac, and held down by a cljimp, 
■i HeOD m lifT^ iST^ T!iQ Einir may be f^tcctU (Itrvotlj \q IhU noil, the 
Mher wid mrrlod ornr th« nxt?, end a weight of nbout tA peaiifrrammpi: 

* fcfttoneil tu H, llie instruuiuul tti Ihun cuLuplt^le e^*ept Lhe gnwiu* 
loflcod of tfct weijcht. which i« laconTcnfcat b carrying the 




i'd'Z 
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noit be cindo rather lonff, «o m to jfdd % t^lcrabljr vnirorai rvebUi 



i\j, TM 



for tb« wbok extent of tbt 
th>ti, not excMdlng 15 
Kramme*. InslMd of 
tho hair JUcIf orontd Ibe osk,^ 
ii usuaUv fii&*«wd Iijdittpi, 
T^\ to RTIk thrvflai, Bad Uiw 
futcatd to t>Q loTtr pt» ftnd tU 
axle- Tc prarent uty atippi^t 
fin tbff Kxir, mnkit a doiibU «vi 
oil it> tta JQ &g. T^C, aod canjc 
«(TpAnit« Mrivf to th« eprin;. 
Tha riidn of tha ttricgi cfta bt 
euailj rtMtimeil to iht nxlr, bja 
bole bored through M. TUt 
glr«tt the addttktnal adruitsg*^ 
that irtieti aonv^lr iHstxetriiAi. 
it4 Icttffth mikf he alUrod aotil tl 
c«>Tm»pouda to tbo Gxfrd points. 

tmrfrr i« artfttigtd cwcntJal^ 111 
the )iaiT hjirmrn^ur, bat the itrip 
of whakbon« U ma<]o ooJj { u 
loug a-i Lb« hair; ll mvAt not 1« nrct S mJlllnifMni vfdc, and cut f«r- 
pe^tlicalar to lh« fibers. TJneal vbolcbctic is difficmH to oVub^aad 
tb«rot>re net vary laiinblc Tor a bygtoinfittr. U«ab palM have btea 
tttlctiij 10 qlilLp tlitsL* iitsinimi'nticDmparable Tlth «ftch othor; but wbn 




fli^lOS, 
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oae nOedA lEi&t tht-y t)] grail aally lone ihdt hyfro- 
fio^pic propcrtio*, and otod hair hjfrooetera 
wboia fixed {3ctfit« agree, mrj ia the mtomadiiu 
peirL^ <if lb« scult*. U Mei» nselun to *lUa|ii 
fertbcr pcrfoctiOD, 

(J) ZJanicftf Ay^rofnWer. Thb llMtnnnt It 
rppmont^d In i\g. 'i^% nnd mr«t hf> boagfat ftos 
a reliable makor- The ftcale of the thormoiDHtf 
incJo»Qd la tho loD^tf famti la novr aauallj in*4e 
of ffltUBL, and nntlrd nriUi thi apper ind of tht 
iIii-riUOEncUr- It muai be imiiivTsb]^ Lu tbr lubc; 
whi^h in, tbcri^fvrt, iiaiToved toward the l/alK 
Ibe bplb of ibo thcrmomoter most dip uU' 
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ctber, TiclioDl IoucIiIdic tbe bolUica of the bulb, A rlafc. 9 i>r 3 Wuva 

wi<l«, iiri>uiiii tho tuiddk of the bajt> a muat b« i^ilctcd, an4 ll)« bulh iau«t 

ooDtntn enongh «ther to T^ftcli the niiddie of t1i« gilt ring. The bulb b » 

cgtvml villi roiinlin or f^iLc lliLrn, Auciiljcr llk^rmnmetcir is Hxed on Uie 

mpporl> aari btiili btkf« ccQtigrAdv acalei^ To uio tb« 

lOftmivnt, pour OIL th$ Imll &«i)OiigbdijJpburiocUiGr to 

Boklin it thnmiiKhl;, bcii nnt lo bnit^ bk rlropii Tho 

bottle, fig- Tf^D^ U coLiTciiicnt for tbis purpnue^ tbc 

httAl of tli« hud beiog inlliuicat lo driTc oat ibe other. 

Not oalf th« t«mp«ntare ftt which th9 dev fonna op 

the gold riti|f ulinidil bn nTwriTflii, but nlun ibnt nt 

which il ditappe&rs ; the meoHD ia the dew point Xhcr 

tbo obfiorrntion, ttio cthor ci>iid<iaa^d in /j muct bo 

b]low«d to run burk inla <f. T^^rj «Tnft ohsorvntioni 

can bo made oitlj with tht 1cI<tacu()«, tbe be^L uf tbv 

body rtDdcrinir th« data of tbc inFttmmcDt tncorroct. la tho following 

lAblft ^v«s the imonat of rapcr acd il3 t«adoii, for l«iaperntiit-ve for 

— »*to + 40'* a 
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Fr^rm the tCEnpcf&lurc, vbtch Uio cxtcHor tbcrraomcUT iDdicatoi,' 
d^ririx] Ibe lii^hcit tcDiJcm vblcli the t^j^ot ronic] liBflain^ uad tbi 
qaotient of tliU Intii ihe ru^lu&T tenfllon ioconlEcg to the bitedor thotmo- 
motcr, fivci tlic raoi«tnrt or The •iPiosphctc- 

(?) B^noulCit hy^ryftnetcr. SIccc f^liui is ft bad cowlDCtor of htt/t, 
the f?[1(llii|f or Dnnlel*! thermomoier btu oot (itettj ihe tempvniim 
ludicoiffii by the btcnid tbermomotcr, for whioh mfioa Roinurati, scd 
b«forc him Dficberthicr ha* proposed the r^ltairiujr modiHcntiotijt : A 
r«t8e1 of ttjJu. i^oltdhcil Allver, &botit S centluHen vld« ukI 4 wniimcfn 
high, In Attci) tlghtij OIL n glnju cnhr rr. fig. TG1> >ni1 (IIWI with Hilpbork 




«ihpr> The other «iid nf i.hp ftih* h r1on«il bj a cork, thnw^ 
pau ■ tHcrtnomcter i, nud a tube /J dipping into tho ether, and a nci 
Bborl glaM tabc. Bj blowlug throui^h Jf "Stb lh» mootli the fl 
eTftpomtttt ttnd th^rohf coolu thr lUlvtr, vo timl ch« Ivmjit^ntnre at w1 
dev h dcpoHted ou it ina ba observed; a iKCi^ud thennomel^r ttuUc*! 
th« temperature of the flEr, 

It U better to t£ ih« mp^flmtav on fl (tacd, end dnw the air thro4| 
A*i lujiirutcr, aa >i<«q in the ^^rt. The aflpimtor U almplj b lla 
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fil!ed will woitT. The lower apcrtitK biu a stop-cocV, by which the 
Uvvr of thv watitr cau b*3 re^alMctt- Tlic aptTtarc at the top ii £oiincct«iJ 
by n onoutchoac lube with the *hori tnbe of thfl hjgroineter. Thp glna 
hoUlu dlUiiX Dp with ft tfphon, ftcciirdlDg to § lfl2, fig. 39^^ niAj lio uurd 
iiuteod cr A icpftTAto (Upirator. Th« aiphou scrrtM for iho c:(Lt tub«. the 
tir-tab« ia coaoeolod with the hjgroia^ier. &Tid eerres at Ui6 lame time ;o 
rBgnUiA thfl flow. In thin wny thv whole H|ipftrAtnii, txr^pT: ih» «flv«r 
cnp» cui be mcuJc nt home at nmftll expeuRe. 

(/} TAf^ pr^yc'^jrd/Ni^^r. The iborEUOiueUn hi thia liiHtniniciJt niEul 
bt) more delicate thua those of the jirevlouit onei;, ami matt bft jfriutiialct<lr 
at lewt, tu liiilf tiegrppji, The rurn-vtoeis uf tbu fisLiI piiint*, IIjc pnrri?- 
spoodcDoo of both thcnuomders. uud tbo urtarocj of the gracloait'iQ* must 
bo tc«ted by earcful obAortfttioni;. ^oth thorme motors luuat bo fji^tcned 
on A t'ommon ftUuid« mo that Iho \mVM ihiLlt 
bo Jtue. The covtred tulb aboulJ be luuuctp 
wUhont drop« of water hun^rinfr trom 11, and 
U Eft probably bert to coDueat It with ft cotton 
wh^kn clipping into a Te«s«l of tfftfer plnced 
JQ>t bdotr it. SuSdvnt water U thaR drawn 
ap by capllUrity, The wick mnal bo Ttccwed 
otwfulonally, whirh Is nri ^reat IrooM?; flg, 
TfiS rfpruaettl^ ihltf iaeitnitUL'at. Thc^ in^tru- 
iDont mnrt bo fn«pendad In tlic open air, and 
protv^ted ^miitrongcaiT^nta, Uodof Ihesft 
L'ireuiuslnat^B*. Lhe ti.-t]jdoii Ji uf ihci aqurou* 
rapor may be calculated bjr tbe fulluwiag 
formata; x =* f — OODTl^ (f — I'J ft, / 
being Ibu lentioa of llm Hatumt«d vii])or, 
at the tcmpcrniuro ('. b mlTUnJclcrA; i'. the 
leraponturo of the wet; /, that of thi> dry 
ihcrmomnt4tr, w^rnrdU^ In CcUlu^; b, itie 
height of the bbrc<][]i:tcr rcdui.^ to tbf ^w?X- 
JD|; poiot The olfcct of 6 U neldom preatcr 
than Cl'l of a nillllm*i©r, and, tbocofor*, 
whtrc ihrt gmttrnt oi^rnrnry U n:)t rrqnifwi, 
the me&n height of the barometer may be takt^n, and tbe fuctor h 
ec^mbincd with tljo other cori8taai«; if 6 bo taben ^=^ T40 tnm, tben 
x= / — 0"574 (f — i'.) To obtain tho qannttly y of molnttire <'on- 
Laiaed iiL the elr, ht ^ be the quantity at thu temperature i*. tbtu 
If = <7 — O'ftiS (( — i'») Tbo followlnic table coolaits the»c aambcra 
«akal8ted for Tbe pByobroineEerit^ dUTerenovfl from 0** to island tiit 
oTOieair froni — 20^ to + 35^ C. 
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Q Latent boat of flteamp-— Tbo ^^^t qnimtiij of ut^ctt 

b«al in &tvaui may Lii? titiowti by Ibu apparalUJi Qg. 1A3- P»ur Inlo tiie 
cjHnder r a ccrUin weight of wAtcr nt li )cQOwa t«[apcnitufO» nud cftuse 
Ui« vfttvr fa a to boU bufon la^ertiag the tub« ii into itic rjHndcr. Tho 
boiling U kftpt np ttntU »l[ T.lie nir Ii driven out of thts appanUi*, vrbtcb. 




I 



fof flo App»raluB 5 timea tbe ait& of the Ggnr*, cvill rcqutro S '>r ^ 
minutCA. TIi« tube h \n then IntroOaced Ento tb« cjUniler, vltlioul Inter- 
niptins fkt boiling. The fttcAm condciino, tnH the water n»cft In tho 
<7lind«r Wlvn it tins iiiurva^ud About I'^r ^i^hdrnw thi? tubo t, And 
vet^h thr wnti-^r Of^ln, nflcr noting ltd tempflmtnre, A thermoowtttr 
witb a Tvry riduH bulb ratul tic uxcH, nod i>nlj tlin Inilb trnmcnicd, u the 
tsuDor»Joa of tfa« whole bstrumcnt wilU ttb Hi^ikti} would ranuo a irrcater 
error bj «t>ti]iiig tho vaivr thim woaJd be Okvoided b^ flinktng thv mt^roarjr 
to i.bp tup t>r ibiT I'lfluiiii]^ 

The cnlcaUtlon l> simple, as the follonla^ example show»^ Wftter 
weighed beforo the dxporinefit r>t> ;rrammr^ii, oiid oflcrwardB 6ft'l. Tho 
tetoperMture before the ttiperimoul nm 12^ C, uflorwurtlH G3'5^; rho SO 
grammvA of vit«r f^alnod, Ihurefiire, 50 b"*. that la, fiO . 503 ^ S351 
duiU of heat; €'1 (7raTamc« of tituam hni 31'A° of hciit, iRipnrt'>d thvn- 
foreSI'5 . C'l ^l^SuaJU ofheotiotbe othortrrneri 31143 unite of beat 
are liiift to iIh" burin l^i'at i/f II pPBTrin'-rt tif HTeem. 1 ^miikiue h*w, there- 
foT«, yielded 624 uoiia, Ahhongh in tbiv experiment the latent heat of 
tteam flJwD^A n^uits too tow, ou aooouut of the loea TKim tbe gliuu and 
tfao air, logether vith the v&ter vrhich coDdenseiL In the tube 5, ft \s very 



veil nit*d to tbovr tho fact, and to ^ta ui approiUnata id«* of 

quautlljr cf Utfiltl huuL III attfttiu. 

[3fl4] The condenser,— A -rtij wnaplr, (ind bmoMll opottUn 

for Lhv illDitratlUD of thw »]ipiLraius. It ci^nvliiU of m g1a« tutv, 1 to l| 
fbcL loug and I IiLcb io diaxDot^r, tbroufh the ceot«r of wkk:li 



14 




ftDothrr 1tib«, J Incli to ilTain«t«r> projo^^ltng on both t\dm »d Sued 
tigUtlj tlirou^li cixki. Ont tad of the iiinrr tube, Tfaicb prq|*^tA l)ut 
liuh, lA »>ni«whftt cnlar|>:«d; the othtr end, vhicli (>ri>icc1fl 3 to 4 uuhira, 
li contracted- At tUU end a tmall tobo, 5 or i> incilicf long, boot ii u 
ttCQl« ftijjf]« hud U^rmiualtiig in b fiiiicFl, jituiw tlimtigh tba cork, A 
similar tube, bent Iwioo At right aDgl«B» ^moca tbruugU the u4lier cock. 
The condoiuer ii lixod io & tlopiog poiitiaa, the fottnol lobo p^rpoDdlcolor. 
And rl«fi^g higher thfin th^ npper end nf t]>e condeuter^ Tho Dock of k 
lixiic rf?t^rt U inserted b ihc Urit;c fuil ortfaeEnnortabG. W&lcr upuaral 
ihtoti^'li ttiD funac-I so M tc Eili the large tub?, nod ha h f^T%daoXij becomcj 
b«iLtod, it ruD« oCr RgAtn through fr, coniltntiog thu Tapon id th« iour 
XuX'v. Thtt waller maj tx^ drnvn by a alplkoo fK>ni «k higbor TOipvI, Md 
tb« flow tlio« rcgolatcd li occoHion requires, or a Mnrtottt^ tbm uiaj bo 
iu«d inatoftd oT tho dpbott. 



Fig. 766. 



*}A 






^ 



[S6&] The cryopho- 

ma. — Thin fa repraHal«d 
In Cg. TCS^aboat } t^o ml 
nice, but It li oooTeokftl 10 
bare the tivo amfl, on wbir4r 
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Elbe bulbh on blown, lomowlmt lovgifr tbftn In the Qgura, aitiI tlir irron- 
pl«c« proportiouallj ehorlcr. Th« glau b conalnict«d Llbo tlio pKiUt- 
fulfils. It II filled with water, And tbo boiling nust be doae ovor a GrJdo 
rhttrcii&l lire, hi u to heut iTie lulw tlirou^hoiiE Ilk whule vitvnL WUaa 
iho fTftlcr lius ho\M \ottg «Loa^b> and one balb fa iioi quite brdf Tdl of 
waUr, vDft] ibo opcDinj^ with a blowpipe. To mitkc (ho vxporiEaoot, all 
ibe waier i« got Litf'^ aui> hulti. imd ihe oihvr jiEungotl iaio u fVcexIng 
mlitarv of pounded \ce nruJ sklCi i^o u (o covur ili9 entire bulb nrd pan 
of the tabe. When the vcmcI ccntaininf; the freccinf; mixtarfi is imal). 
It maj', prepioobly^ be finrroufideU vtlh lue. It Is tdrLsftble to letCfTupi 
ihfl i^tpfrlmpnT an sttnn r\t n illm at liw fofina fn ihn frpfi bnib, hi^rftaM thp 
GoUrc fro«£iiiff of the iratcr Li apt to barat tho bulb^ When the eipcH- 
neDt ie Eatd« Id aummcr, q druu^bt ratul bo created, so that tho air mny 

|b« ni lltilft ehflrgi?d wfib aquoouK rapor ta penstible, wbioh in apt io my^ur 
SrHb a nujaKraui audieiLce. but llic bulb itiwir mujit not btf eipowd lu the 
ibiusht. 
I E< 



Khoffn in 



Fig. Tse. 



[if.) EXFERTHEKTB TO TLLtTSTEATE THE STEAM-ESOIHE. 

r^^ic] HorOB" rotating baJi — iJi^" a J**'?*^ gi^as hM\b with 

two poitU. pM8 lfif>ii^ ttiFOugK A ffjiT hftndlo ftod bpod ihpm 
4c. 76C. Wafia Ibe bulb, and, cloning one point witU 
the Gu^er, drnvr in a litlt-f vutor if tbu wat4>r l>o 
hcaind to boiling ovrr a Rpirlt-Ump, nh&lo tbp hidb in 
ab>ir1jr tamed, Ibc praniire of the encApini^ itcam will 
cftQfo fl to rotate rapfdlv. The handle itself tatij be 
made of gloMi, Id wbieli cue lUe jets are trvt boat, 
aud tlirri tlie hanilie, m^lv nf two a!«hder g]wtii rudt, 
which are attached io the bulb, and oftctward* Joined 
tog«th«r. 
^K [3^7] Tbd steam-engiiie. — fn n^nsrmtingihft 

^nteotn-eagint, it is of the frcAtctit im|)ortaace to gire 

ft cloar Idon of tbc inodo of vt^rlrtn^ tlin valtt^fi, and of 

thfr u-tiun of tbe rorLik'Himr in thm lovr^jtrvivdire engine. 

For tha latter, jruu may revert to the cipetimeiit de- 

icribcd in g 864. 
^^ Id rupect to ttie workinf^ of tbe valves, It 1b enon^h 
^Hh> eiplalu %aj of ihe vnrloun arrnn|[onientM by whlrb 

Ibt ocw nii^am it inUoduced, ultcmaielf aboT« aud 

bclcw tht; }>tHton, and Ibe ipont iteuni ii^itlidravfTi ; 
kt iti, to eonnldfir th« action of n doiili]R-nriii]f{ 
ine, no othcn being now ia tue. Tbe beat for thia i^crpoee ore th« 
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Fig. IQ^. 
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<li<lin^-Tft]v«fi, and a AMtlouftl mixUI abduU be mad*. T^ia c*ii bo dono 
Torr Bltnplj in lh« following wa;: Fimt, Itmd im Ima Ttrv, fig. T6T, 

»> to obtAin Iwa cnaki a And 6> 
rlxbt a:t(t1» to caob <iib«r, ftiul 
Uiit^ r, ri, whoM poiition Iv 1udUr«r«ii 
MftktT f^r lUm b wouduu frniue. Ag. Tti 
coDalBtiaic^rtwo rMrUftpdftT dinn 
A And ^; Ilia Unft of wblch re 
leuu the c-jliiulrT. th4 otber th 
vteniu^hett, TUc r.hviDcU 1 2 S 
polnud on Lho p&rtlUub bet««t«i tbeo^ 
with wh)E« jTAiQt on bl&ck grouod: I tmd Z lubding from th* cU 
chfKt to llie FjrliiKler. &nd 2 (iito Uio open »ir or to t1i« condtfnHf 

niic of tbo opertun^« ib the fteia^ 
ohottt IB tqn^] to tbo ]«iij^ of tbe 
cmnic fj. uid the flftn^ of tba 

^l ^ 1 t °^ '"'^^ ^^ ^^ '^'"^ vfdtfc. 

I y uL ''^ ^ mode cothor of htMM, or vood 

I palntMl y«Ilow, Bcd pretMd agAloit tbe 

partltlim bcFiwnnu iho tvo oompar^ 
" ' m«at« hx a iligltl xprlcK « r. adinf 

agftiul tbe lido of tbe fracoe. Tbe 
^. bom A and ortt grooved op as far at 

"^' — ""^ 1 lliQ Icng-lb cf the hox A ; ■ crw»-l»r 

, ' p lA ti;ccd bttvoen ni aod n to 

^ /r tan fCQido to tbe Tolve-iod i JL 

— Q — torn i]jD fnuiiK in ]]ct tofcptlier, 

. B^ 11 rll cro**-bar, fif, Tfifl, fa pni into 

^■^^■^^^■1 groovQM bclwon n uid o, fo ft 

^^^^^^^^H airde freetj. Tbe plvton <T conrifte 

^^E^^^^^^H ofa bit of wuo<l. uid tie jitttixi-rud D 

a^^B^^^^^^J IK paved throaffb holce in tbo croA- 

^■B^^^^^^l buf /^ and Khv top of tbe e/lindir at r, 

V^j^^^^^^l iinrl (flued foAt lo f; acd C TlnaQfa 

jLjajft^^^B^B roalcE? the rod.i £ uid « of ttoul mkt 

L^^^^^^^^*l ihu loiior ttppenn foTe*bof1«oed 

tbe H^in? becnnit Iih crunk U bcirkoniAl ; la^ th« AXtt In ootchos lo tb4 ba 
»« n i'« liTiJ faftteu IL dtfwn witlj llUl« trirv iitapln. Tbo TolTo^riMl t 
(nado or wirCi viib a scrov od tb« oud, ftud the &Udo 
faiteruHl to It hy tn^o Dtiti:, bo that vhvQ tbo onmk 
lUuds hurixuuul, tbtt slide ttould be iu ibe 
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(he puriilion bL'tw^^^uu A niul 8. Il la bni not to mflric the r^hAntlels I t 
8 uuttJ this u J^jiie. mill to Gx theli jiosltiou acc>>rd[u>r to th« tfctuol 
moticn cf the ilidc- A ]rtt]« tribo j- rcprcncnti a Atcram-pipc By luralnff 
the vrtutk c d, th<» pUlcn adJ tlte alidv will make tie corrtiupondlng 
tDotloDS, >o M to niniitratff taWy thU lm|iorlniit pArl (J thi! xleaui-eogh^e. 

An CCCeiitru^ vrbccl, fanlrncii At <i. iniitcud <>( tho crJ^nk, v^qIiI icrvc to 
iUMMto tht» niLic^b-u^vd cotitrivuiiuij. In tM« oa«o, tlio tupport uuieida 
orth« Alld« mnld Ihi omiUt^d, anil thr nxfn thriIp n Utile ttrongcr, Lnrgu 
diagrnUEk Dmv Ijc ujtod for further illuflEr&tioua, but, better thun uil, » 
vrorkiiij; modrL 

[3f«] Models of Bte^m-OHginoS, — Thul the Ic^^turer must have 
KutDc mouiDi rf ^ivin^ a irurtti't i:i}[i(.'r^|il]uii cjf tljt WcirktUg uf V hltiUU- 

eofiDO, ie bejond doubt j but nhctber a model Is necce»Brjr, le qdte 
another qnciitioa- It the moanfl con b« commandod^ it will bo wotl to 
[ifovidif ft inodtl ; but ovrtulQlj, iLerc irv umTiy things much more vii1mil}]i» 
ttuO ut^-espary. The rullottic^ poiute are ImporUiut ia coubtrjiitjii^ a 
model : — 

{41) It malt not be es^nted In vhat la called the medel style, i. t., it 
tautit riijt he merely a tittle machine, which loros a wfae«) by ^teiiiii, 
omittinjc cT«rjthlo|c vhich U not Decc««ary t4> this objt^t; bat It mubt he 
occpnicEy copied froni Bom<i atettm-eDKiue In commoa tiise. 

(A) Th^ coDRtmcttnn of tlin Tnfid«l-iniich1n« niwt be plait and euDf 
understood, and iniut admit ift tEir fktcaTii-rhmL IraEnif coverwl iHtU ^lasa 
It IS not nccvHsary to h&ro Lho cylinder and tli0 pumpti made of fclatJi 

(("J The mod«l mu*l not he on im> flmnll n wale. 

It U tnorn imporunt to jihow ihr lu^lion of thn irpflrnir part* hy taking 
tbom to picceSn than to r^ot iLv inrichiiie actually in luoti^D. It it better 
to vork the model bj a rorvo-piimp, tbrui by tho boUer, bccauBO \% 
ir^aren It to bu left itniultng a jvar aftor QJilug it villi ntnam iHthout a 
thoruui^h t-'leLimijjf. ^«1it<:h cujistiuteH coitKitltimble limt. 

[3691 Tho locomotive.— On<= of thii most valunblo f^TiccIal Torma 
of th« Kli'iini- engine ii the looumoiivc, nud Xhv priiicipal point* cf itfi coo- 
fttrurlbii L.-itiiiiot he weill omlUed ia a course of phy«ic;al lur^l ruction. The 
chief pccoltaritici of the lo^otaoiifc cnsmc* arc the ccmstractioD of the 
boiler oikI the arraDgemfiil for running Torward or baekiraid nt pluanor^. 
Both nf T.hflWi may bq wHl illuairaTwi hy the following sectional roinlel :— 

llaTe a fnmD, a a A 6, made of hnn] wood. Ogn. "iTO and 7T1, of i^ucU 
dimeaflloDi that the model will be ^'^ of the r&ul tii7;e; o c are oaly pin^mi 
whteh lervo to nil up. At thn n-oui a block ef wood, in. In insertod ia 
the IVamo, ko an to iw «ieu at tho top nt r f. F^hloa llm Imir of ihU 
block into llie flection of the cylinder/, flg. 7T2, and of half of the ateom- 
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chnt f?. which ]kn bcttrcen th« two cjUndcnt as $,htyn id scctioo in 
fijrvK, Icadng tbo rroat ud nixr walls sUadiag. Uzmt&U IhM 

Fig. i:o. 




K^ni. 




8aff>c«, a» in tho G^are, uid scrtw tie block in lU p1ac«. B^rt holoa 
Hid driving-rod and tha valve-rodt. On tho partition A, fi;?, "TS, bon 
the iryliijJer bnd tltu utr^arD'ClK^Kt, inurk the itperturu fur tbe vnlvVB.Ji 





u thn nioticl, Cg, TOS. In botli cne^^a th;» i8 tho Lut ihln^ lo bo 
i t It a board, 1ik« fig. 773, ««t upright in the fmmo, wEiIi ^h0 n* 
h<f]eA for the rtrdi coimcctod with the pUtou and L^cceuttK;. B<tvi»a 
lioftrd aud the block m art iaanmed four grooved bMii k, tro of irhieb 
»rvo lu ^<l«e for th« pUton'rodx, only bnlf tb« morbiQ« being vorVed 
up, and the othen, then<f(jiv, rtvnamint^ unemplojrod ; n h a €im»-pkcc 
•crcwed bctvvoD ivri> bare* and fttrrcA u n iruido for the Tolvc-rod ; it i*. 
for thin rocLf^on, mfldo of two boho*, Xotobw tw oiiidfl lu ibe cbau * ■"■, 
Hg, 770, for tbe wooden ailes of 1^« nhiwU, wblrh nrp onl^ dUku of xiuiL 
TW tth«ch ran ouUld« of lie frame, vtd arc itbi<d to tb« ulcs; ibt 
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Iri Tin frwb eels uro ntftdo ratbcr mnallor, so that thoj caa be turned 
frcvlj b/ a haaille, wbeo th« modvl aiands on tbe fi>tjr ruamnjf wbovU. 
The drivliig'Axle Ib iu«de of buxt vood. ia oue piece, nol glued tf>|rvtliur, 
tb« IcQfCtH or thti craoki^ which arc placed at right angles to cocb t>llior, 
being de^ondeai upoa the slroke or tbe pi^a. The pi£(ti>ri consUte of a 
thin dink nf wnoil Th« (irrmtrlrj; nm alai> mode of wood, and inuit, 
thcrcf>rfi, be ratbcr larger thjin the proper pri^tportLOD, to foMirb tbe 
reqaiditv airCDgth- Their cd^us aru grfjared, to rccoire ringe modo of 
wire^ Thfl holn for tli^ avEv U bo arrnngfid thit the thvn of Ibe woad 
muj^ nm pc-qmadbulaT la the line drawn lliningh ihu erntrr. Thn ilUk 
b Aplit t[i tho lino u by Lig. TTl, und gluod npOQ the «xlo in aucb a poiiiiiijii 
that th« [iToIoDgation of the tolve-red wiU pMit hetweea the two dUkd, 
wbifb lie do*? t<>g*!tli(-r Thn ocopntrlplly of both i< pUcnd In a Rtnd^ht 
lin?, lit right ouglea to the axis of tbo crank, no account bi;ing taken bcrn 
cf the cITccl of cjipanALOD. 

Fig. lib. 





F\o Till. 



KflL Ttt. 



I 



The rings aa,bb, Cg. TT5, are mwle of ItatWnod wire, and a Ibloker, 
fliLilenf^l wire, r jf, nuldwred lo ocii! af ou'h [lulr Tlio pr<tJi*r-[ ioiia /i a 
nrc lilcd out n lUtlc clone to tbo ring, vo that the two scclioiLs of the ring 
can bo tied to^^ethcr witb biDdlng-wlre. The two rod8 niuM b« l>onl lowan] 
CPcb other ao that th?ir ends d tqaj lie fn tho iLume vtrticol plnne. The 
'inkjt an? modi; (if two plnti-s, Gg^ T«fi- rivi-ted to two ttripi uf broaa, 
i^. T7T, In vhicU tbv rud£ of tbc cccorklrics vwi on pin«; the complete 
imitation of the erttinaiy coojiructioa on vuch n tmiiU vcole bcbg diffiouli, 
nod qnitu nnni^'PMiiry tbr the prc^ii'nt purputm. On one side a t-niBB-pitco 
ta riTcted. with a pfu eudEDjf ia a Aurew, with 

wbieb the arm ^^ ^K- ' •'' *^^ ^^* ^^^ ^' ^^ ^*^i' 
ne<ried, ^o Lbnt tlie Ijnkii mn b^ mU«d niii] 
towered bj [nean« of tbc Icrcr *j and tbe rod w> 
The valve'Tod, lig, ITS^ wbieb baa two rellcre 
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a Op La ioserUil Id iht Unk, in vhU^h iLo mlUFv mutt mon wmtxMj 
op (ud down; thoy tdoat, th«refbn, be ground ritb emtiy. Tba |>Qrtko 
of tbaT&lr^-rod whioh rann tn Uo|raidc », fi^ T?MBK|m»«. The «»]*« 
itso^f coQslsU (jf » lUHp vf bnuB, u olrvnrlf »ipl4hi«d to fif. IC^ ; Uia 
ti^nag b oiDlttoJ. Pi^. TTft 4orl T^ reprucnt th«i puu with ikb nJt« 
£; ^a the craak it m tv9 podtioM, the form of tlio linla Mof MDMivkM 

>V' TT9. 




>Vy. TSa 



A 




Thr phtoii-ToiU anil roniipcllcfr-rod* »fv miido M do«?rib«d tn $ 8S8, 
the Knidc of tho piiiton'rwl hcinf? afjortcr m the bu« Jt k coma mA 
clo&tf tog«tber In thla cdl8& tban fcn th4L Fead-pamp* uo Mt B^comrf 
In thr izirxlH. 

Sot on tiiD frame a half-round wooden raodtl of the boiler, with iti 
furnoeo. amf>ku'<rh&iiib«r, chiTauj>]r, luid dume, a IcfifflUidiMl eecUoft of lh» 
InEDmal nrrnngrmnnt of ih^fio parts lialn^ pftlntnd on the block. Pig. 
781 rrprcacntN the inrlVicn which b pnintnl, vid Hgs. TS2 and 1A8 m 
nocUoDS of the block In the IId^a bdii^ud la Bf. Tftt It wtll be vetn 
Ibttt thU mod«I baa a rabbst on the remid «ide of the fbrnaee, whidi fiti 
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on Itift tr^ine a a. fih, fip TT), xht Imir.iyiimil fnrt of ihf Imflpr fittlnj^ In 
Iht L-uTitiivitj-of llicl>oard, tig, 773. If tbcxnodd iiroodctc be toktn apart, 
A« mdic]Lt«d b^ th« liottorl linos* tbeso snrracea ton^y nUo b« coif^rod wlUi 
p*]»r, and Uiif revpt^tdTn xtscilonn pftlnM on ttiGm, th« pte^oa Wing lifilcl 

Fiy. 181. fl^. TW /v. T«5. 





Thv fcfegoiDg pihragraptis coDUilri IjtoU for tho coCfftniotlOD of a 
iBCtional raodcl, bat Ibc txcnuti^n prc^uyironcn an nr<iunEntAncc with «11 
th€ ptrU ot ft lo<^ouiotiv<^. anrl Aomti tu.*L<tirato druwtD^ umai ha lakOL ua a 

Large diagrams maj Im ufcd f^r further illaptralion of the noparato 
parUt vhviL u railroml st^tjun \a not OL'tiGHBibio. Krva in th;a caac, jl 
«OC!tlon}Ll miMlH iii iiKffiit for th? firovlons oipLnnnllgn of th^Re paru 
wbich aLEiiiut Im Het-ii ivt oJt, or ut Ivuxt not in mrtujn,* 

WhaL hoA bo«n said r«apectiug ft working model of a Ai^nnj-cu^Iaa 
ftpptjoi lo tlM locomotive, And thn lattsr it inaob ]«»t tndiupcDRiiblo, 



1^3 BXPERIMEJTTS ON SPECTFTC HEAT, 
[STO] or the Tarjonn methorl^ of ^bowing the apociflc hoat of bodiev, 

that hy niULiirL' i-i the? oa\j onv oilajilvcl lu vXam ilTutrtnitJOii. The luuvt 
iiwlmctirfl cipffriiueuta nru: (1) The JeuionMralion of RichuiMJii's law, 
hj miadnf- Ivo wciicb<xJ <iaantHliss of vatcr at dilT^rcni tCfinporatiirvHr in 
order to thow that tbt eapacilj of wntcr is oonBlnnl at diff«ront lem^itra- 
tort?*; »nd (2) thw mixture nf werrurj ami water, to »ho" lliv Itiw 
■pvcJfiL' b«al of tho foriner. In tb« fint fipe^riDiont, tbv tempcratnro of 
the mixuircff being llmt eaten lutifd, tho ve*£«l is woftocd «ntb water to 

* Modcti of boih Ihoito labcthiiim wH «E««urvd, bdiS ic mAny r«*f*cta »Lri>nger 
than litre tJt«;rlbe<], «i1ti iuLriDitl or cilcratJ ojUaJcrt) m^ fce t»d of Widtovfii la 
Frtiburj, for from S lo 10 dolbn. 
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M 



this dtgK*i\ this is omptJcd out^ nnil the hot ud cold vtUr imBDedMtelf 
poiirvKl !n, snd fit-trri^d wirh » th^rmornertr. Ic the B(<Nnd *xperittetf» 
thii iirccaattou ia not iLcccwory; ittn TnnrciLry hdni? ndfUd (g wRier Bl 
th« temperature cf iho air, ud mpidlj trtirrtii wfth ui iron rod. It i> 
ttm[»W<t !*> tAlio 1 )b. oT wAtor tl tho l«mp«na(m of the surroftndia^ air 
s'.amllirnt I lb. ofmoftTiiry to lOM-:^* P. 4.1 Tbr RiIkUtiv w\\] hii« n 
tcmpcrmiart / + 31'3- Tb« prccoationA ^Tcn vtll tMun rttnlu a* nculj 
CLCCordaal 08 iho pnrjious of invlniulioD require' 

Thci cbtngLi of the >prwi6o hoat of ffiVH^rniit hodl(i4, by vxpMAiloii wd 
cbiU[jrc^]i^u, c&ii bo ibowu tj th« iilr'|>uiii|.^ Fur UiU pnrpuocF, «u»pead 
ft seaeitivD tbcrmomctor (one vritb 6do tube and larjto bulb) la ftflnoll 
T0C^Tor,aiid«xbftait tbe mt rapidZjr j tb« Uicrtaom^lar vtl dakfrov tti> 
4 degrees irthscomraitTiloaiCori wlibthadThatiovtoiciir, and tbv Apf»* 
ntus olloirod to ntcutd until tba icnpcratnra fs a^Eii equolUcd. OJid lb« 
air tbvn ttdiuHt«<l^ tbo tlK^riuomotor will ti«c. Tbc raveno effect b pco- 
duted hj c<iTid«iiwtloa, Th? resuli U <'i'L-ujd, but can oolf b« Mtft lij s 
fbw nt ft time, £^pirit thcrmomciors ii]rbcu)rb more buHj cJiservod, on 
too dull for thu «xp&nmcnts Tbv dlntiniibcd capacity ^^fa»c^ (;ir btr*^ 
bj G0tideDaAli4>n. nay aha be thoivn bv tfao firoajrin^. Tbia confi 

(jf a gliLU or mi^EjiMlc ryTlndvr^ i4 B. 
t84. frith a ruimdcd boM, which i« UH 
in tbc hollow of tho hood, Ibc cjlhtd 
iUvir fceiag b«Ed botwwx cfao fare 
middle flDger A phtfio, r, fl;. 1 
witb a cavliy In the tod, Uta air ti 
Into tbU cylindor^ TLiid cyiiad«r 
alRD a rounded bandit?, and a IliUe boo 
ii uHiiftlly placed tn ib« caiUy. to hoU fl 
hit of tiader. If the pivtoa bo forcibly 
drlron JQto tho cylinder a«id qtricUy vTth> 
dfawDr tbe tlDd«r will t4ko Are. Tbit apporjitii* can b« T«ry wq]| n«d« 
la tbi- follEivrlng way: Take u pl<n of brass of tli? rr^jnTftllc thickncu— 
ft ia couviudout Out not upteMory to have it ca«t; vbea soldectd 
Kcthcr It rc[ulcr* horinjc diflicult — uni bur* 001 a block of «ood on t 
lath*, io Ihtit the eyiindtff can be dHten Into it. Turn off tbc top uf t 
braaa. a^ul hum it tLruu^b >viib a cannon drttl. It is better to use tvo 
tbrta driIU incccwitcly. Next, lako tbo block n^ilh th« brom firoa tb4 
Uibc, clojQ it at ono i-ud, msen in U a rtoiit Iron wirr, und fill It 9i\h 
roelud len^l, TbU v\t«. with ibi^ lond, iv fixifd on tho Utb^n BinfOftd 
ititb emery and oil, and the tube ground oat irith K, belnjr coe^ta&tiy 
tiira«d and «lid bavk uud fortlip 
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8ov&mZ c^JIndcn of I«ad most (Eecerallr b* nAtd. the Ijut with flno 
puBiif?* powfler lint] oil. The pislon-rutj iit made of jl 8l«l wire, lomtfd off 
lo Dioltv ft ibi^iiMer for Tim plnTf ff. A ncrcrr U cut on thn end fnr tho 
piece 6. and a little Lulc inadtf fur tbu (louk c DerKb of Icallicr tonkcd 
vllh taJlov ftrt prcd^cd bcttvccu a. acitj b, and turned od Ihc latbo. Tbb 
pUtOQ mon mot^ v«r^ eoiilv, hthI y^t ulr Ttglit ; lL ik, nkct, tlii? b<>Gt tost 
of th« anlfonuitf of ihtr tubtr. Finally, lEie tmiidTH ot tba [ub« U ncldt^nl 
lo It vith tin, tbc wcodca cAnc baTine been prcnouilj «plU otT, aud tho 
tD*>e fs then turned off Bmooth and polUhisd, The oppantui nold ia 
»hi>p« Is nnt. nlffftjH miuJpi idth pii mnch rftre, nn'l my chief wuson for 
htiag than minatr, i> to describe tbc mod« of boring ft title. 



{/.) KtPEaiKESTS Off TKE UrFFUBIOF OF HEAT, 

[3Tt] Tha rndfntJon frmn himLril budicH In rnajly sbtimt by thft follov- 
bg experiment: Taicfl a abutt of paKtebcArd und cut In it a round bole, 
& Ijttiti lurger tlian tt;j> bLticbened balb of ibc dlfferontUI thermometer, or 
Ihr jipprtiitv nf thn r^nnd cf ibn thurmo-rni]}tipl1cr, Plnco thiia screen 
upright oil tUt! InblOf wid btbiud it ido tl'jnuuscjpe. ao a*to b*; oatirdy 
protc-clod, ikud support n maa» of hcAtci iron on a 10^*01 wltb tliu apertuT«, 
Dl tb« disuiico of J or 2 foot. Tho thormoiioopo It not ftOoct^d by tho 
iron, until It tit pliu'tirl bcfbrc ihn Hpt<rtura in tbi< Hirrenn in u ilrut^bt llfie 
witb tbo beittEil iniuiB. Tlia tlieriuoecopo raiwt uot bo luoro Iban I foot 
from tbo Aoroon. 

[3TiJ For tb« rErmntnlnff eipcdur^nU on rEulinnt bi>ftt, n pnir of 
qibcrii^iil ur piiriUinlEc mcftullit; rtiQut'tontp H to 20 htc\i& m diiLiu^ter am 
rcqiiirM- They need not bu Tory hliflily polished, Spfioriral mirr<jni 
ore generally prortrnlle, bocftauo tbey l-hq bo mote in?i?iirai*iy ^tr^and than 
pambolltr; tho Intter nm uol enaily ground on account of their irr^pular 
L-urtHlurc ; but ptpberk-al mlrron eau easily be madt? accurate enoiijcb to 
be u8od for optii^al purposes- Tlicy may be made at bomc In the fellevt' 

Jdvktf n model of «beut Iron, wltb a railiufi of 1^ to 3 fei^t, tbvcbor] of 
vbich meeuurtifl H to 20 incbcj^p Have a mirror mode after Ibis mode!, 
ofi^toul bfjus, (jcllovi- inctnlj witb a birwif^thL^ued Pltu, A good workinau 
wv!l pifw the mirror* rerj nearly the eorrfct form, with nikly aUgbt 
hieqUttlltieH of the Barbco. X>ay tbniw dlnka ia d tub Clied witb Hair* 
du*t And frind tlicm with u hr^t piece of pamlce-atono aud wai<?r, until 
tbo whole narfaeo appeuw umfotra. moving the puiriiee-ntono in fpicyt'loi- 
dal cnreea. The flitrface will tety Bocm bm*imie upbcriraL If, nfti-r 
griudiog vwblle, cooaldcrablo Incipialitieii etill appear, tbey can bo 
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ronedfo^l by bftinmfiricg, Thd 1«dfoiM ojnerati^a of grindtDg cad b« d 
hj >ny jwraun, under prufTpr AupcniHiDD^ Wlu-ii Uid ftiiribco b iiiiifi>ni|; 
grDUDiinilb pamico-ttoiie. Uk« ft thick ]>I«co of beccfa-woodehireotl.fat 
npoa ^t ft fico inclined to Ibo axii ti mti ftngU of Ifr*^, roimd it off 
th« ihapt of ti4* iDirror, und wf ih El grind avaj tlw mvki of ibv pomi 
fttoa«,tj lEiH ftid of oil. Tb« final Rtrok«»< muBtbi^ oiuile ftooi the n 
towinl tht renter Tbc ficiol polub la Impftrtod wilh Mhitbjf. 

Tb« fioithml uiirront ure Kunwpd to ft urong plftt« ofbrov, fig. I^S, hf 
holes drinod bvf^iro tb« ^HndliiK, Tho plnio U ftUorhod Mow iho ctaur 
of lh« mirrof, ftad hiagcd to tbe cud of a bar of wood, oboot l^ iocfao 
i^uftre, on wU\Q>h M uia^ bo eloratod or depre»od hj ft iroodeD acnw, b, 
fig IHI. Tbo bar tnnEt bi, at Uftvt, K frnt long, anii b« ftutmod b 
Irtftugular or mjuufu bur, >o thot U con b« pUood immodutcl; opou 



J, cot 



/Vi;, 7^^^ 



Pig, :flT. 




JTj^, T88. /\;?.J99, 





]l4M>f No otbor ndj[iflting-A[;r«vg on rttqalred. It b ooDTenTODt U 
ttimeh to tbt vrrtk'nl siipporr n horimnTnl nrm, of tiK'h a hnflib rbftl tb» 
bol? f, boreJ ill ihf miJ cif it. tvill ^w dirvi^tlir nutltr \hv focus of 
toirror. In tliiR hole con bo fiuicncd hy a Lindlnf-trrcw i^. citbcr a lltl 
table, fig. 7^S, or tn Iron foTk, fig, 78^, oi ei pointed wire; The table oi 
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tbc fucua, BcpaniU itabtla raa.f lit tutcd for numj [mqiQi^ai, iw 

A coTcr of [MAtvljoit] nhoultl be miulc ii> pmtiHt ttw mfrrof from Injnry, 
[313] Experiments with the reflectors- — FEnc^e tUc two 



/V 7*0. 





^ 

^•1 



flg, 79(1, ftt n riUlftnos of 10 or 
20 Tcct, witl: ihcir iljlm in tbc 
ume strnf^l lint^. The firaper 
jXMittoo it moat ecifil; tound, 
by iilocbg El ligbt in Uin f<icus 
of ouG mirror aod moring both 
until the imaf^ uf iho light is 
tven \a iho fi>t?uii of the othBr. 

(a) Plttcv iu tbe fuoiia of 
«De minor tbob]D£kcD«d iGib of t^i' liir mniI !b'jfiQomeier, bud £d the 
oth«r Ibo irtjn fork^ fi^. TVUj jtafiporCiu^' cl maoi. ot I nr ^ poaot}*' of iron« 
hcfttvil Dearly lo rvdiufxt. The llivrmuiiiL'itr vill Immediately indi(.'uto 
coae^dcroblo httt, vZdcli ittll ceue vrbvu a Acrcron of wood. |nul«boikrd. or 
g]iid:i u ploiccd belTDcn iho two mirror;* — f(l&u bcinjr, bowovcr, atEjcr- 
EUiious only for mys of b«>i r^mting frurn bodf^i btilow $1)^ P. 

(fi) Ptikf^t.^ a Ure cojil hi Uie iron furk, and a Mt of timlor in ibe furos 
of tbo oLhcr mirror; the tinder trill hoqti be iirnitc<], and tlto effect h aoi 
pTGt4&t«<i by 1 pano of glou b«ld botwoen ibo two mlrrora. la tbUcainj, 
however 1'' 1a ndvlflidil^ to itinc^ tIia mlrrorn n^arpr lagplbpr, e^pec^Klly 
vheti tbcy arc net accurately >phcrlcnl, bccnn^R tbc brat i« (onicwbal 
dicuiuiabod by Ihv giaHB* and tbo raje not being rclkclud eatiruly panfttlel, 
that portion which «Crlk«i the seoond mirror roaj not bo ^QA^doni to 
ignite Lliv Eiudcr. Ti^^ coal muid Uo brUkly blovrii by a biLnd^bfllbwA. 

(r) A luBi|> of ice placed in tbo focaa of OEM lairror will caaao tbd^ 

cnnom«tcr lo ciak m Ibe foouBi of tbe olbvr, 

{d) Take a cubical bra^ box, ^olieb oue bidft, rougben anotber, palotj 

third vbilcinthleftdaDd irani wtitcr^and blnckcn tho fourth wiib lami^-^ 
bbek. When tbii ii GUed with bot wutcr and placed iu ibe fucus of oni 
of tba niirrora. the dlir«n>DiN> In Tbc radiating p^v&r of tbo fbor sldci ma^ 
be abovn by the diiTcrcntial (bcritiomoter. Tbo niirrorA niD&l bo placed 
only a fi^w feet apart, utid tbv side cf the ciHk ucxl tb<: thoruaomct^r 
cDterod «ith abK« paper to present radiation iu ibat d^rcciion, Tld« 
0Xp4<riEiiriiL t-Mi lie miuta nllli one mimir, (ty^. 7111. Ilin foru^ r-nrrehpondtag 
to the position of the cube bcmg found by tbc aid of & li^^bL The cube 
Boat not bo plai<ed far from tbe mirror, aad It is better to Dse tvo rairrori^ 

2D 
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JlUtotgh the >foH in the oitfoajry diSc^rt^tld tkcnDoovUr b itrj 
pere»pitiK a theniL0-mttltl|4ier, ( 8ll, ii raocfa better for tb* pnrp«ii^ 




«?. t^ft 



fur. tlthoEi^li iSe JTfl^renlkl thprnAiDeter ui^ be ftM froM air and 
It hh alcobol HQEQO npt oT h«ftl &lw«js foU upon lllc otiter bolb, thlii 
ihtj maj not b« ooncentnttdj and, w&aI fa uf mom iiDportai«e« th« 
iDitnuaent partlallf eovrnt Oip mlrrDr, Bo(ld«0 dilt,Il nqdns nofh 
lougtr for ibe dlfTfrciLiInl Uiumiomcter to nti Ihut tor tbo necdlft vT ihc 

galmn^moUr. ll !& aoi OTcn axM' 
AJtrr (<> wait for tills, fur tha final 
ilefltvUon or thiT itpccIIa may he rall- 
ruatnl bQr«jn» il comioi to mt. The 
ffT^at diffffvoin In tb« cITeot of tk 
vnHoai ddea ot ih« ciiIm> imakvt tUl 
Miler. Thif arnu^nuitt of tbe c& 
ptHmcot U lire nae ■» tn fif. Ifll* 
«ie«p: ihal tht Uunno-pik, with III 
nmn«] turned toirard iha mirrcr, ll 
put ill tiie place of ib« JiP^rcatul 
thormatni>'.cr. Tbo pilt b k«pt toTcrrd 
Tintn \]io polei art consiaeivd iHlh ft 
KalTannmi^ter. Tbe iratM-tn tHerabir 
\a, ID the m«aa Vhlla, bc«Ud (o bott- 
itig bj a lamp pbMd milor a flMd. 
n? 792. AlWr remoriog lb* lanp. 
GDCOtcr tbo f4ie, obwrto the deflection, and r«p1a» ibe coTtr WUk 
tba nuMf h coioiDg 1o r«M, iho lamp naj b« reploMd wufer tlie c^ 
■Dd ADothcr fnrn tiinieil tovanl the mirror, Wh«D tbe lb«tlil(><pib b 
aaod, the mirror ta not ncconary; tbe ttmuol of iho pOn baa uot/ la br 
placed I or 9 IncrhM ttom the aide of tiie c^b^ efta wb«o tbe pltac- 
omeUr has onlj li fbv hnncfred tarm. 
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\2 Conducting power of solids.— Tti tIip iWa nf a hrwm 

.fig. 7^3. *MvT from 4 let G jimilnr luboa. S or 3 li&ei long, and la 
tl]«6o btert batM of vnrioiu fcabiitaDccs, sucb m trnnfi, iron, lead, %\tkm, 
TTOOil, WlC-, of oqtMil tptifTlh unil thblcfiea. Cont th**e btw liglitTy wJlh 
mcltrd trux. uiiU jiour U-dIl-J n&ter or uil tu Ihu il-mujI ; Ite «aA will be 
molted oil the bars to uacquftl di^Uncos from tlio vcuoL 



Fi^.m. 
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ConducUng power of liquids. 

mnd a k'om cTlindcr, H^. T^l, VLih n 
DwtflUlc TCMel i fill thocjlLUcLorvitb cold wftter, 
bolfllnjif rhntk or ftm^irr In iiiEprnnbn, tbca 
place u thermometer* fig, T17. od the bottom of 
Ibo g\aeB cyttrjdcr, ixnd bnc); il tocoud la lh> 
wmtnr at ih* lop. Whcri thi*i U donr pour 
hot w»ler into Uio metallic tc»e|. _ TUa motion 
of tb« p&rtiekti of clk&lk vrjl) pruit flii^ j|^ 
b««xc(I vTAltruGfndA At tba»j|ilmcl iho ^'yiuKJLr. 
whili; ibe collier partloni; «bk in thf? mydle. 
TLe a]>|K!r tb^nni>ui«tar ri«ea rapidly^ vrbilo the lower one ruiuifits 

Tbo low caQduclin]^ pocrer of l]f|md> may bo shc^J^ by tuBponding ft 
UiennL}mt!ti^r iu a vtsjel of cold waltfr. ami lb(!Q cftrvfull^ pouring heated 
oH gpon tho flurfocc, ?r fcitiriK' a cft]i?)u)o CUfid vtlb bnrubik' nl<;<jbo! upon 
it Ibv thormomclflr romiimi a loaj^ lime ufiAETv^^tcd. An nir ilu^rmom- 
«1«r may be Inncrt^il ihrongb n rnrk, Iln^il Ui a holo In tbe tide of th» 
vcvaelp tbc bvlb bcins placed nciir Ibo sarfoco of the U<iujd. 

Th« simplout. tnodo of iihowing thU cxpcfimont u tc fill n tcot-tabo 
wi(b vjALvr, ftml tioliJ It bf the bottom in ft ftlftuilng potlUon otMsr tbo 
]«□[) until thfl wAtor IjqIU. 

The foHowtng cxperlmcut an^ircni the ume pnrpoa?. Fiut^ii ■ sliin 
tQb«, 10 or Id Icc-hfai Lon^ and L Inch in diamul^^r, l<Io^<<1 ikt onu viid, on 
ippori, Ag- 795. Fill the tube with wntcf, and iinic a lump of ice to 
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the bottom at ct hy a Icndec v«ight; iht water mai be boikd ia 
upper pan of tbff ttibo vittiout mching cba ice. 



/V?. 7^5. 



f^lM. 




tf Hn 



Tha wpport fijr. T0& Is uMful for maDj purpoMs. The slidlD^ inaj 
nip|Ji>r1» a elftidp I, i«ftD on ■ Inr^ fu-filo in fig- T!(i>- Thifl ou 
fixed in ftuy pwUon by mesnit of Ihn H-riTW miii Jiut c, Tba tp]i 
jr^. T97. may be hail of dl plilto«optib:«l i 

T\to cfa^ulntfuri of hOflUed wmter li 

tube u bcDl tfito a rccton^tlc^ ftnd bolli 
cecneuled Itito s tabulatod bfu* coliar 
tiibo 1« flllei] i^iih vAivr, raoileml tnrtiid 1^ 
poTdcrtd iiinbor, Kuppt^rtotl by a duip^ 
L^atod &l ouo comer The Xwk> conieni 
hnd h, iliodM tip b^t fifSt, ooo of th 
ceitteaicd in jtnd ihi^ oLlirr coaifid vfth aeiJ- 
ing-nnx; niid then ^c other tv^bekda niidft 
ofUr msrki^ig Ihoir positSoBd vith c^alfc. 

ThQ lube mi^ii bv iiljiJit of vtrn plivfi conniteUil bj Tvlctnlvd iBdte- 

robber 
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APPENDIX. 



TABLES FOR REDUCING FRENCH MEASURES TO 
ENGLISH. 



TABLE L 



COMPAKIBON OF THE BAEOMBTER SCALES IN MILUMETE&S AND INCHEB- 



HdH. 

TOO: 
701: 

702. 

703: 

lOi. 
705. 

706: 

707 

708: 

709 

710. 

711 

712 

713 

714 

715 

716 

717 

718 

719 

720 

7S1 

722 

723: 

734 



lllCbH. 

37-560 
37 '690 
S7'638 
37-678 
27-717 
27-75e 
37 795 
27-835 
37-876 
37-914 
27-053 
37-992 
28-033 
28-071 
28111 
28-150 
38-189 
38-329 
28-2B8 
2S-30S 
38-347 
28-386 
28-426 
38-465 
28-504 



Hmi. 

725 

726 

727. 

728 

729 

730 

731 

732. 

733 

734 

735. 

736 

737 

738. 

739: 

740: 

741 

742. 

743: 

744 

745: 

746: 

747 

748. 

749: 



Iztch». 

28-543 
28-583 
28-692 
28-661 
38-701 
28-741 
38-780 
28-819 
38-859 
38-898 
38-938 
28-977 
29-016 
39-056 
29-096 
29 134 
39-174 
29-213 
39-252 
29-293 
29-331 
29-371 
29-410 
29-449 
29-489 



Umfl. 

750 
751 

752 
753 

754 
755 
756 
757 
758 
759 
760 
761 
762 
763 
764 
765 
766 
767 
76S 
769 
770 
771 
772 
773 
774 



39-528 
29-567 
29-607 
29-646 
29-685 
29-725 
29-764 
39-804 
29-843 
29-882 
29-922 
29-961 
30-000 
30-040 
30-079 
30119 
30-158 
30-197 
30-237 
30-276 
30315 
30-365 
303S4 
30 434 
80-473 



Uiu. 

775 

776 
777 
778 
779 
780 
781 
782 
783 
784 
785 
786 
787 
788 
789 



iDChH. 

30 512 

30553 
30591 

30-631 
30-670 
30-709 
30-749 
30-788 
30-827 
30-867 
30-906 
30-945 
30-985 
31-024 
31-063 



iDcbca. Udu. 

28 = 711-187 
29^735-587 

30 = 761-986 

31 = 787-386 
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LIST OF APPARATUS 



FOR A COMPLETE COURSE ON PHYSICS. 



j4.— ON EQUILIBRIUM. 



A NUUBKft of weight! of uy unit, or, 
mistead of iii««e, tin boxes for coina, or 
sDDd, ^ 49. 

Some Bmall acale-piliB. ^ 49. 

Arrbajf^meiit for the pmrallelogram of 
forcea, j 50. 

Modd of ibe kuGe-presa, j 61. 

Inc^iaeil pUne, ^ 03, 54- 

AppJira(Eis to lIluBtraLe the acnw, ^ 65. 

Archimedea* ecreWt I bb^ 

Model of a acrcw-preu, ^ G5. 

App&ratua to illustrate the wedge, | 56- 

Several puUeja, and gongB of puUftya, 
I 57. 68- 

ArrHngeoienl of lexers, I 69. 

Wheel and Axifl, ^ 6Q. 

Jack for hoislirig. and Toodela of other 
cotDplei mbchinea, j 60. 

Set of regular liguree of wood to itlus- 
trale the aenter of groYity, | G1. 

A Jigure balancing on a poinl, j 62. 

Double cone, I G3. 

A roller of homogeneoua wood. 

A roTlor loaded dd ono aide with lei^d, 
3 03, 

Chineofl tumblers^ J 64. 

Arrangement 10 lUltBtrale atable equi- 
librium, I 65- 

ApparaluB to show the position of the 
center of grarit; in the balance, j GO. 

A fine balance, j 67. 



A common balance, 3 69. 

Steeljard. j 71. 

PlalfDrm, or eoanter eCkleSt 9 73. 

Spring baTanoe- 

Iron weighla up to 25 Lbs-, ^ TO. 

8mall braea weighU, mtidg to fl( into 

wch other, J 70- 
Apolhooarj'a w«jghta, j 70. 
A Bet of French woighra, 3 ^^• 
Marble plaLe and ivorj ball, ^ T£, 
A gUsa Irumpet, a tube cut apirallj, and 

a banch of glass threads, ^ 78- 
Bolo^a flaska, Rupert's drop^, g 73. 
Arrangement to compare tbe abaoluto 

coheeion of Tarioua subalaiiceB, | 75- 
CohesioD pTatca of glan and meLal, j 76- 
AiTBngDicQt for using ihe cohesion platen 

in vacuo, ^ 76, 
Platea for the adhesion of Uquida, | TO, 
Apparatus lo exhibit tbe uniform trans- 

mJaBion of presBure. § 77. 
Hydraulic preaa. f 77- 
Labeta for boies and bottlea- 
HydroBlatic bellows, g 79. 
Apparatus (0 sbow ihe downward pr«^. 

sure of waler, | 80. 
Apparatus to ahow the upward pressure. 

^61. 
Communicating tubee. ^ 82. 
Connuunicating tubes for different liq- 

aids, j 82. 

(457) 
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UBT OP AFPAEATVfl. 



B«nnl fljUndon of wood to IDiirtral* 

t1i« latdftDt of floBtlBf bo^VA, I M. 
Amn|ttBirat to ■!»)* tho Ioot of vri^ 

lawatar, 184, 
CarUdvn doTil, I 8fi. 
flpMdflo BTATlij boulo, I 86. 
QlMt bulb lofedod vltli marmrj, | 86- 
NlohoUon'i vtometar, | 87. 
Volometor, j B8. 
Trail*'! hjdnzutor, | W. 
Tall gUu ojUndv ftor tfao araomtton to 

float In, I fil. 
ArwuDBten of Baok, B«Hiiirf, mud Cu- 

lior, |02. 
A oommon aaeotaarimttor, | 93, 
HjdroDotcT IndlMtinf tha qiadflo frav- 

lt7 directly, | OS. 
Cftplllarr tubal, ooiuaetiBf Willi widar 

tub«0,t^< 
A lot of alnspU eapUlAry tubaa, | 94. 
Coniaal tubaa, | 94. 

A nnmbar of plsBoB of plato g^aaa, | 94. 
A pombfiT of imall ilati bulba, ioma 

•aptjt Mms loadad with maronry, aad 

balls of wood) oork, y^x, ato., | 94. 
Some pUta of miaa, | H. 
EadD&fDomtUr» | 95. 
Torrioeltian tubes, 1 96. 
A oiarera banmiatar, | 07- 
A ^phon baramator, { 97- 
HuyghflD^i doubla baromfltar, | 97' 
A wheeL baromotor, | 97- 
ArraB^iD«iit to dBmobitiBta Muiotto^i 

law, i 98. 
An air-pump, j 09. 
BacaWen for the air-pamp, inaluiling 

OBO with m flliding rod. 



MagdriHgt hMitn'fc«>^ 1 10*. 
AojUsderfoTbvntiag bUddan, 1 101 
SfpboK baroBotor li«lo«ad Ik l aa ri T i , 

iios. 

Btf toriii|lBnoaa,|19S. 
Appantoa Ibr tv^aring waiir, f lOS. 
Fliat bofc to ibika in TaM9, 1 101 
Blphaa to ba pboad nndar 4 t ac ri fae, 

1 101 
iViianfaniMl fii lllMliala Ilia Iharaj af 

attatlM,|I02. 
ArraafOMnt hr ahower of mmuuij, 

1 101 
^fc*****^ aunomctor, 1 101 
KaaatTff fbr Dimdaiuad air, | 101 
lovAtaln with oonpraiaad air, 1 101 
Qlaaa ballooi) fiv walflhlng air, 1 101 
Tuba fbr fhlllBt bodlaa Imrano, 1 101 
Air.g«i,|10t 
SiphoQi^ I 194. 
TanUlua' «p^ 1 104. 
Pipattaa, 1 104. 
Uagla ftuuul and cana» | I0fi» 
Vaatol'i aiara, 1 10&. 
Hiaro'a rountaln, 1 106. 
Hagio aaak, 1 106. 

HodaliofiuodonandfOToapnmpaT |107, 
Model of a fln-englna, | 107- 
IntarmfUlnf fbontain, | 108. 
Uanomoian of Tarioaa Idnda, 1 109. 
Hjdpogan Uaipt 1 110. 
Gaa geuantor, 1 110. 
BaUoon of gold-baator'a ihin, or ooDa- 

dioD, 1111. 
Glaaa TasHelB oaramDnloatlog bj a cock, 

for tha dlffo^n of gaaea, | 118. 



S— ON 

AiWDod'a maahiDfl, j 116. 

Apparntu9 fo ebow ibe curra of prqjac- 

tWea. j ilG- 
Whirling mDcbinei j 117. 
CenlrLfugal railwaj, f 116. 
OyToncope, or DoliQtnberger'i machiiio, 

i I M>, 
Appnrmrui far FoucauU'i eipeHment, 

4 120- 



MOTION- 
Arrangaraant for the tall of bodiaa 

ihrodgh eborda and area, 1 121- 
A pendulum moving on knife edgea, 1 121. 
A rararalon panduiant, j 121- 
Penduliim to beat audibly, | 122. 
Bilodelfl of the eommon olook and watch 

escapensantfl, {122, 
Apparatui to show the lawm of icapaot, 

I 128. 



^^^^^^^^^ JtWT OP AtPiaATUS. 4&ft 


AppwMu* 1« 4emoiiitn<e th* !■« of 


ffolttrnun. } 129- 


Inddfucc Lcd rcdtfidoii. f lift. 


AcuKiHiBlrt. ^ laO. 


Tribuinfler. ( l^L 


?l>t«t pttmiii f(ir CliraonL'* ApoHmont. 


ttpijiidiiK fluiil EbuliU*, 1 12& 


n3^ 


MikrlDtt*'* iiM. 1 116. 


Appantiw t« Illaitnlo l^ dr*fL <tt th* 


Bu-k>TU&iU.|lU. 


looomollto, } M';. 


C.^^5 AC 


'OMTICS. 


iTlttMaEmf't DBdiitarioD &fr1«ralilr. 


ArrLafiTionL to prodvor «ai)Dd« irlih » 


t IIW. 


J»[ of h/drofflfl, 1 lit, 1 


Xrvufh* ofeliM tudHituJ lo hold irsut 


AppwftEuB loiiiQW Dod»latabM. 1 W^ 


kid BHonrf. ) l^^t, 


A ilroD, j IdO. 


A ro^tt to Bhovr undalfttion*. | \%i~ 


A nODo«bo^d, t Idti. 


VloUacdlo bi>w. 


AppanEui for Jvngitudiaal lilmlioDk 


A lute to eondnol tonad. | l^. 


i 147 


CtOMd uid opoaad 0T(CAii fi^pf', j 14T, 


r«o tuTking-forlu, | H8. ^H 


Liitcfm^ urjjKii iiLjie MiLU tubt4 i>f lari- 


Airyiuatus fur jntcrfcioucg tt luuiid- ^H 


am milurlBli io At 1^ I UZ. 


TftTflt. } U9, irto, 1 


Clunp with glau ut'l lattat diiln far 


ApjmrtiuflforeoDinabioaljDgTibrkUobi. 1 


Bognd-flEU'eK, { 137- 


* 151. 1 


KiToftilblv rul^e to ■oum] In ttnlMon wSib 


^lodel lo Ulvstnle toc&I orguit, { 164. 1 


«icl1, I \%-2. 


Mod*lor IbOHT, i lb$. 1 


i).— ON 


OITICS. 


A lh»>if<llH «LJab nwj bo UHd •■ > 


S«f*rBliiffrBeBiico*fff<dmlbwliiiopofwr, 


Bonl«ni«t«r- 


I lo 11} tquaro feet, fcod k tmnH one 


A Hbaei of gijtil-leaf Idl bctncca ftlu*. 


cohered il(h »Lr*i? pnf^r- 


1 IC4. 


I'rictDi of HItlL «Tid orowa gboo, loliU 


A Unc sT^ulod bftr. { 101. 


(udliollcv* 1 140. 


6iAad> for uav «bd four asdlo*, f 140. 


SDrviEH wllli hp«rturti of Tutons ibApcp h 
All oiifrillitl-iiig priHin, | IdT- 


Pboiomour, | iu>- 


ArruignaiaDLfar ibooftmrrrjt^LLrkf { litT, 


Il*a« ujlrrun. (Atinm^a Bflil blncV, { ISS^ 


Air'inituflf^jrnifnfluriiiEto&aotiou.llOT. 


IJin^L ■nirrnr*, j tJ^ 


Lotfc* Rlfci* bolb to lIlottr&M (b« niR' 


K«toicJiic?np«, 1 16^ 


bfl», ItlJiv 


f CjrllDdiltfit 4DdoDaL«al mlrrorit \ lOS. 


HoumTi'i ■.pinufeiiiH for ilio kamo jm^ 


paid, \ ItiH. 


Apporalai ro ihow tho Itw of roOMilon. 


^ppinLii* lo iLldtmio obmm&tla %bvt- 


llBt^ 


mlaii, E li^l^ 


Ilelloslikl, a I'^> 


^ohmmallp pi-limi. J 


Apptniui roBhovibo low nf rtfkmailOD, 


^obroroiiJc lfufi» ^^j 


|]«8. 


Apparatiu Eo LUmLrotv «ii>boTin3 abpr< ^H 


Ckucrft IttCilda. 


mlj>iL. ^ ITO. ^H 


Tho lif princip»l fonnt of l«n*t f iai>. 


An«og«Juni lo *ihlbiL BuonH^not^ ^H 


A UriEO loDH af S (0 4 f*i>t foeU diitkcgrv 


ii7i. ^ 


and frrcrkl tt obntldr focu^ j IGd. 


Slond Titr d*iniRklr«LTng Iho Mittomj of 1 




1 







4e9 I-IST OF APPARATUS. 


&|juipr*r'i opioBi«L*r, 1 174. 


UfrroF ud priiv f«« frodnfiag IbI«^ 


lUiDbowdiik, |IT5, 


rfiraM. 1 ia7. ita 


TbiumAUDpit t IT4. 


Q1>M« for pToduciEtg Xtwioa*! rtif^ 


PhutMaop*. t ITT, 


|18», 


F^urva Mid*clarfd ^iim* Tor Ml^«tt|v« 


Arr«iifqiiitti( far pn^KiiDs lb* ttop oft 


colon. 1 ITS. 


■ «rmi. I IW. 


BtOPiiMibtTj^f «t»^rBliit for int^Ktlr* 


AppmliiB for ilrinaldri 4ipar[ia«Al on 


«^«n^ 1 i:k 


liit«rr«mi«F, I IWL 


.irr>n|vifiejii Fur RL*hlQf evlurrd «luiJ- 


Muflc UoUfD ■oO aUd». t 1^1 


on, 4 i;v 


ATT^nganrnti for rtjknInictiU oo dLf< 


J.«««OM«pe, t l!40. 


fTHlHB,! ][I3. 


AmDgvuitiil til Jtdikv i^iciiirta vltrtu- 
^^H Maple Hiilifliit lanik^* or luirranv 

' |iao. 


AppftrMiu b) niiuInCf llic vibfv^ioiu of 


roUriio<1h£tit, 1 IM. 


Wlu*]fiiif ■ppnTiTu*! 1 IDA, 


CuBtn obftcun, { lid 


Touiiuktiu »|<p*ni(ut, t 1^, 


Solar Tobsroififlp^ | )S3- 


Vorloua orjtfili vut ^o »hQV p>krl»^^ 


CuMipound nlorvaMpe, wllb pnpftnA 


tUoL j^^l 


vljnt*, 1 1<^< 


A orfot«J of Icttuii tpu, kud DP*d^^^| 


Blfnplo nlcroHop* «l[h t^Statar. 


to ttav thfl KMlOni. { ■^*.*- ^^M 


AoliHniiiie lorrciilriftL UlooApc, | 1^- 


Nifibol* prUvk, { tflU. ^H 


Aitrui]gaiicAUdii*i7ope> withuLimnie- 


Tkiin plftiA* of i>ol«Bil« oalnieo. ^^H 


noBt f^T tqauoHbl niounrlng. ( i»4. 


rolvrirliif ]i|i|ioniu» Tur ILiuId*, \ tlL ^ 


LtbtM iMiiaUi M «■ Lo lllaBtrnU «li« 


A p»o« of uniuui»ii1vd gkoa. J 


ilii-uf J vf Uis ifllwwpft 1 184. 


A pitM Fjr sUm. 1 SIS, ^H 


A rDllecilng ivluenp*, | IM. 


DifqMTOOAjpt ftppUWiW. ^^1 


^ J"— OX HA 


(iNfTTlSM. ^^1 


MagDMio b^TB. 


Mih^elic nwIlM, } Sl». ^H 


&]aj£iicllc bu uMl Biiifcci*Ion pul«l4. 


A ouifiptA 219, ^^H 


Jfursnlioc mi^nci. 


DifplTig n*cdU> 1 328. ^^B 


A plooa or loul flono, 1 3:17. 


Bon of ib>li lr4b and iroa-filiap^ 1 


^B /:— ON EI.I 


»:tb]citt. ^H 


^^^ Pilh haitt 011 lin*n nnil alll: ihrotdi. 


£l«vtrii; ptviol, ( r£;. ^^| 


1 Amnlgnnv— Cloiftfl auJ LtMjk*. ( 231, 24u. 


InvulUcd globe «ad iinuUlod fijliodff^^H 


1 Itodi of t^*" M^i^l ■ruliiih-iriu. 


fl 2-'A 1 


1 .^11 i^WlrEoil nfciIJa, j L'iT7^ 


Amngfn«i( 1o*Iifiv]b*«ffitfl«f pololL^^J 


1 EI*clrotnvr<n cf JjfFfimEkE norti. 


|3SD, j^H 


^^^^^ Juriluu Imlmiffp, 4 ;^4^. 


lQBvtai«0 bill vlLfa aond*pih«f Mt ttpri^H 


^^^B^^ltf'IllVTI ■<. 


J I'M. 
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SlifCtrm murtur. fl SBB. 


Spottei pUL«, t2T2, 


Klan«nl«T'B Ihormonfftttr. 


f^nlmHiH UElon. £^3, 


L 
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Condonvlng oppiirvint far pati, | SAT, 


Uodvl uf diroQuuielvi floupctbiDlian, 


Appurfeius 10 tliov ibe tcii>ioii uf ai|iiF- 


1 K4rt, 


999 npor in • ■pico tiled atik air, 
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Hod«] of fltidlng nhw, | SOT. 
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